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Dear Ms. Rooney:

It is our pleasure to submit this copy of the Final Technical Memorandum - Risk Evaluation for an Off-
Station Agricultural Worker - for the Marine Corps Air Station (MCAS) El Toro, California. This
document was prepared under Contract Task Order (CTO) 0164 and Contract No. N68711-92-D4670 in
support of the Record of Decision for Sites 78 and24.

This technical memorandum evaluates the risk to an agricultural worker from exposure to groundwater in
the off-Station portion of the VOC groundwater plume and incorporates comments submitted by U.S.
EPA, DTSC, and RWQCB on the draft technical memorandum on the same subject. Responses to
regulatory agency comments are being submitted under separate cover. The risk assessment confirms
that the risks to the agricultural worker are within the range considered unconditionally acceptable by the
U.S. EPA.

We appreciate the opportunity to be of service to you on this project. If you have any questions or would
like further information, please contact John Scholfield at (619) 744-3093, or me at (619) 744-3004.

Sincerely,

n

Yo.^ hl Gn['f, -f"-
Thtrrman L. Heironimus, R.G.
Project Manager
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INTRODUCTION
Groundwater from the principal aquifer in the vicinity of Marine Corps Air Station
(MCAS) El Toro (Station) is used primarily for agriculture and to a lesser extent as a
secondary source of local municipal water supply. Currently only one well, l8_ETl, is
screened within the principal aquifer groundwater plume. Groundwater from this well is
treated using air stripping prior to agricultural use. Groundwater in the shallow
groundwater plume is not used for agriculfural purposes, nor is such use likely due to
high total dissolved solids (TDS) and nitrate concentrations and to the relatively
low yield.

In 1989, Orange County Water District (OCWD) performed a risk assessment to evaluate
the risk to an agricultural worker from groundwater extracted from areas within the
volatile organic compound (VOC) plume in the principal aquifer (Med-Tox 1989). A
copy of this assessment is attached. The OCWD assessment concluded.that the excess
cancer risk to the agricultural worker is on the order of 6.37 x 10-15 to 3.185 x l0-la and
that the noncancer risk is on the order of 2.45 x 10-10 to 1.23 x l0-e. The assessment
was based on a maximum trichloroethene (TCE) concentration of 40 micrograms per
liter (pgll).

This risk assessment is being performed to confirm the results of the OCWD risk
assessment and assist in determining whether institutional controls prohibiting use of
untreated groundwater from the groundwater plume for agricultural purposes are
necessary. To be conservative, concentrations of VOCs from well 18_MCAS03 were
used in the risk assessment. This well is located within the off-Station portion of the
shallow groundwater unit in an area with TCE concentrations (140 FglL) over two times
greater than the maximum concentration of TCE reported anywhere in the principal
aquifer (61 pglL).

This memorandum presents the methodology used in the human-health risk assessment
and tabulates the risk estimate results.

HUMAN-HEALTH EVALUATION M ETHODOLOGY
The risk assessment was conducted in accordance with guidelines published by the
United States Environmental Protection Agency (U.S. EPA) in the Risk Assessment
Guidance for Supertund: Part A (U.S. EPA 1989) and Part B (U.S. EPA 1991) and
supporting documents and guidelines published by the California Environmental
Protection Agency (CaVEPA) (1992). Exposure conditions used in the estimation of
risk are chosen to represent "reasonable maximum exposure" (RME) conditions. Use of
these exposure conditions tends to overestimate risk. This overestimation of risk is
deliberate; it provides risk managers with a margin of safety when making
risk-management decisions.

FinalTechnical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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3 EVALUATION OF ANALYTICAL RESULTS
Well I8-MCAS03 is located in the shallow groundwater unit in the area with the highest
off-Station concentrations of TCE (Figure l). Therefore, the agricultural scenario risk
evaluation was based on exposure to all the VOCs reported at this well. The analytical
data associated with l8_MCAS03 is presented in Tables I and 2.

To address potential exposure to groundwater VOCs at well IS_MCASO3 the maximum
concentration was used in the risk assessment. All VOCs reported above the laboratory
detection limit were identified as chemicals of potential concern (COPCs). Table 3
presents the VOCs and their maximum reported groundwater concentration.

4 EXPOSURE ASSESSMENT
The agricultural worker was assumed to be exposed to VOCs in the shallow groundwater
unit, at well 18_MCAS03, through inhalation of vapors released from the groundwater as
it is being used for agricultural purposes. Groundwater is assumed to be pumped to the
surface and diverted throughout the agricultural fields via inigation ditches.

The following exposure settings were considered in this assessment:
o agricultural scenario where the worker performs moderate activities

. agricultural scenario where the worker performs heavy activities

4.1 Quantification of Exposure
The final step in the exposure assessment is to quantify the exposure for the inhalation of
vapors released from the groundwater that accumulated in the ditches. Exposure
quantification is a two-step process. Step I entails estimating exposure-point
concentrations (EPCs), and step 2 entails estimating dose rates.

4.1.1 ESTIMATING EXPOSURE.POINT CONCENTRATIONS

The concentrations of chemical vapors released from groundwater were calculated based
on the highest reported concentration. Groundwater pumped to the surface is assumed to
collect in the irrigation ditches as semistagnant water. The predominant exposure
scenario at the agricultural fields is assumed to be inhalation of VOCs emitted from the
water collected in the irrigation ditches. The U.S. EPA "lagoon modeil" (U.S. EPA 1988)
was used to estimate vapcir emissions from the irrigation ditches and the "box model"
(CaVEPA 1994) was used subsequently to predict air concentrations associated with the
estimated vapor emissions. Attachment I presents the equations and Table 3 the resultant
vapor-phase concentrations.

4.1.2 ESTIMATING DOSE

Dose rate is the amount of chemical to which a receptor is exposed per unit of body
weight and time. Dose rates were estimated by integrating intake variables such as
inhalation rate, body weight, and exposure duration with the contaminant concentration.
Exposure assumptions describe the rate of contact that the receptors could have with the

FinalTechnical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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vapor phase. U.S. EPA guidelines on upper-bound exposure assumptions are designed to
address conservatively the behavior or activity patterns of more than 90 to 95 percent of
the receptor populations. The intent is to estimate an RME.

Exposure parameters for evaluating agricultural exposures have not been promulgated by
U.S. EPA and Cal/EPA. Hence, in order to estimate an RME for this scenario,
conservative assumptions were implemented in the risk assessment. This deliberate
attempt to overestimate dose is made in the interest of public protection. This approach is
designed so that there is high confidence that the actual risk is not underestimated.

The exposure assumptions for a hypothetical agricultural receptor exposed to VOCs
released from the groundwater during agricultural activities are as follows.

Agricultural Worker - Moderate Activity Level

e Exposure by an adult was assumed to occur 8 hours a day,250 days a year
for a total of25 years.

o Inhalation of vapors was assumed to occur at a moderate activity rate of
1.6 cubic meters per hour (m'lhour).

Agricultural Worker - Strenuous Activity Level

. Exposure by an adult was assumed to occur 8 hours a day,250 days ayear
for a total of25 years.

o Inhalation of vapors was assumed to occur at a demanding activity rate of
2.5 m3/hour

The dose equation for inhalation of vapors is as follows.

Inhalation of Airborne Chemical Vapors

Du: (C" x IR" x ET x EF x ED)/(BW x AT)

where

Du = dose resulting from inhalation of chemical vapors (mglkg-day)
Cu : chemical concentration in air (mg/m') (predicted based on modeling)
IR" : air intake rate by inhalafion (m3lhour)
ET = exposure time (hours/day)
EF : exposure frequency (days/year)
ED = exposure duration (years)
BW : body weight (kilogram)
AT = averaging time (day)

The values assigned to the parameters in the dose formula are presented in Table 4.

TOXICITY CRITERIA
The toxicityvalues used in.the risk assessment consist of cancer slope factors (CSFs) for
carcinogenic effects and reference doses (RfDs) for chronic exposures associated with the
noncarcinogenic effects. The health criteria were obtained from the table of preliminary

Final Technical Memorandum - Risk Evaluation for an Off-Station Agricultural Worker
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remediation goals @RGs) published byU.S. EPA Region 9 (U.S. EPA 2000) and confirmed
by a review of the U.S. EPA Integrated Risk krformation System (IRIS) database and the
U.S. EPA Health Effects Assessment Summary Tables [IIEAST] (U.S. EPA 2002 and
U.S. EPA 1997, respectively). The IRIS database and IIEAST were also searched for
toxicity criteria for chemicals not listed in the table of PRGs. Table 5 lists the U.S. EPA
toxicity values used in the risk characteization.

CSFs developed by the Cal/EPA were also implemented in the risk assessment. The
CaVEPA CSFs are listed in the Office of Environmental Health Hazard Assessment
(OEHHA) toxicity database (CallEPA 2002). Use of CallEPA toxicity values in addition
to the U.S. EPA CSFs permits dual tracking of the cancer risk. Dual tracking of the risk
consists of a risk assessment evaluation solely using U.S. EPA toxicity values and a
separate risk assessment evaluation using Califomia toxicity values. Table 5 lists the
CaUEPA toxicity values used in the risk characteization.

6 RISK CHARACTERIZATION RESULTS
Results for moderate and strenuous activity by a hlpothetical agricultural worker are
described below.

6.1 Shallow Groundwater Unit - Hypothetical Agricultural Worker at
a Moderate Activity Level
The estimated cancer risk for the hlpothetical agricultural worker exposed to VOCs
generated from the groundwater as it is being used in agricultural fields for 250 days per
year over a course of 25 years is quantified at 1.1 x l0-8 (u.s. EpA) and 3.4 x l0'8
(CaVEPA). This estimated risk level is considered unconditionally acceptable under
U.S. EPA and Cal/EPA guidance

The estimated hazard index for this scenario is 0.00079. A hazard index value of less
than 1 indicates that there is not a potential for adverse noncancer health effects under the
scenario evaluated, even among the most chemically sensitive individuals. Cancer risk
and hazard index are summarized in Table 6. Attachment 2 presents the risk estimates
associated with each VOC evaluated in the risk assessment.

It should be noted that the results associated with this hypothetical scenario are
considered conservative estimates of exposure and risk. This risk assessment considered
a groundwater-to-air modeling approach with minimal dispersion. Hence, the resultant
concentrations in the vapor phase are not overly attenuated by climatic conditions and
would be higher than concentrations derived by use of a dispersion model. In addition, it
is unlikely that an agricultural worker will remain at the same location for the 25-year
period considered in this assessment. Lower exposure duration would lead to lower risks
than those estimated. ln addition, concentrations of TCE at well I8_MCAS03 are over
two times greater than the maximum concentration of TCE reported anywhere in the
principal aquifer.

Final Technical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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I 6.2 Shallow Groundwater Unit - Hypothetical Agricultural Worker at
a Strenuous Activity Level
The estimated cancer risk for a hlpothetical agricultural worker from the inhalation of
VOCs released from'groundwater over a course of 25 years is quantified atl.7 x l0-8
(U.S. EPA) and 5.2 x l0-8 (CallEPA). The estimated cancer risk is considered
unconditionally acceptable under U.S. EPA and CallEPA guidance. The hazard index is
quantified at 0.0012, indicating that systemic toxicity is unlikely. Attachment 2 presents
the risk estimates associated with each VOC evaluated in the risk assessment.

As previously discussed, the risk estimates associated with the agricultural scenario are
considered conservative estimates of the actual risk because they are based on upper-
bound assumptions and exposure values. Thus, the risks quantified in this assessment are
considered overestimates of the agricultural scenario.
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Detected Volatile Organic Compounds in Groundwater at Well 18_MCAS03, Base Screen 230 feet bgs
MGAS El Toro
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Table 3
Well I 8-MGAS03 Groundwater and Associated Vapor-Phase Concentrations

I
I
t
I
I
I
I

Acronyms/Abbreviations:
CAS - ChemicalAbstracts Service
mg/L - milligrams per liter
mg/mo - milligrams per cubic meter

Acronyms/Abbreviations:
ED - exposure duration
mt/hour - cubic meters per hour

Iable 4
Shallow Groundwater Unit

Values Assigned to Dose Equation Parameters

CASNumber

67-64-l
75-15-0
56-23-5
67-66-3

540-59-0
75-35-4
7s-09-2
t27-184
108-88-3
79-01-6
75-0r-4

1.70E-03
1.70E.02
1.00E-03
8.00E-03
9.20E-03
6.00E-04
1.008-03
1.808-03
1.40E-03
1.40E-01
7.00E.03

Analyte

Acetone

Carbon disulfide

Carbon tetachloride

Cbloroform

1,2-Dichloroethene
1,1-Dichloroethene

Methylene chloride

Tehachloroethene
Toluene

Trichloroethene
Vinyl chloride

Groundwater Concentration
(mg/L)

Vapor-Phase Concentration
(mg/m')

3.92F,-07
3.878-06
1.62F.-07
1.45E-07
r.858-06
r.218-07
2.t5F'07
2.748-07
2.9F.-07
2.448-05
1.758-06

Agricultural Worker at a
Moderate Activity Level

Agricultural'Worker at a
Strenuous Activity LevelEquation Parameter

Inhalation of Vapors

Inhalation rate

Exposrue time

Exposrue frequency

Exposrue duration

Bodyweight

Averaging time (cancer)

Averaging time (noncancer)

Unit

m3lhour

hours/day

dayVyear
years

kilograms

days

days

t . 6
8

2s0
25
70

25,550
ED x 365

2.5
I

250
25
70

25,550
ED x 365

Final Technical Memorandum - Risk Evaluation for an Off-Station Agricultural Worker
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Table 5
Toxicity Values

CASNumber

67-&-l

75-15-0
5G23-s

67-66-3

540-s9-0

75:354

75-09-2
t27-184
108-88-3

79-Al-6
75-014

U.S.EPA
Inhalation CSF"

NA
NA

5.258-02
8.05E-02

NA
1.75E-01
1.65E-03
2.038-03

NA
6.00E-03
3.10E-02

U.S.EPA
Inhalation RII)'

1.00E-01

2.00E-01
7.00E-04

8.60E-05
9.00E-03

9.00E-03

8.57E-01
1.14E-01
1.r0E-01

6.00E-03

2.86Y02

CaUEPA Inhalation
CSF' RefbAnalyte

Acetone

Carbondisulfide
Carbon tetachloride

Chlorofonn
1,2-Dichloroethene

1,l-Dichloroethene

Methylene chloride

Tetrachloroethene
Toluene

Trichloroethene

Vinyl chloride

I

I

Refb Refb

R
I

R

N

R

R

H
N
I

R

I

NA
NA

1.50E-01 0
1.90E-02 0

NA
NA

3.s08-03 0
2.t0802 0

NA
1.00E-02 0
2.7A8-01 O

I

I

N

N

I

Notes:
" units in inverse of milligrams per kilograms per da
b Reference:

l- Integrated Risk Informalion System
N = National Centerfor Environmental Assessment, formerly known as Environmental Criteria and Assessment ffice
O - Office of Environmental Health Hazard Assessment
R - route.to-route extrapolation

c units in milligrams per kilograms per day

Acronyms/Abbreviations:
CAS - ChemicalAbstracts Service
CSF - cancer slope factor
NA- not available
Ref - reference
RfD - reference dose
U.S. EPA- United States Environmental Protection Agenry

ro
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o

o
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Table 6
Summary of Lifetime Cancer Risk and Hazard lndex by Pathway

Agricultural Receptors

Notes:
" risk was calculated using U.S. EPA toxicity values
b risk was calcutated using Cal/EPA toxicityvalues

Acro nymVAbbreviations:
Cal/E PA - Califomia Envi ron mental Protectio n Ag ency
U.S. EPA - United States Environmental Protection Agency

Cancer Risk Cancer Risk
Receptor U.S. trPA " State b Eazard Index

Agricultural Worker at a Moderate
Activity Level

Vapor Inhalation Risk 1.18-08 3.48-08 0.00079

Agricultural Worker at a Strenuous
Activity Level

Vapor InhalationRisk l.7E-08 5.2E-08 0.0012

FinalTechnical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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h Attachment I
AIR MODELING METHODOLOGY

The United States Environme,ntal Protection Agency (U.S. EPA)-approved "lagoon model"
(described in the Superfund Exposue Assessment Manual [U.S. EPA 1988]) was used to
estimate vapor emissions from semistagnant water contained in irrigation ditches. Current
maximum observed groundwater concenfrations were used for model input concenfrations
(CDM 2002). The model was originally developed by Mackay and Leinonen (1975) for
estimating volatilization releases from water bodies such as hazardous waste lagoons. The
following is a list of the model assumptions:

No constant addition of contaminants occurs.

Diffi.rsion is liquid-state confrolled; it occurs from a well-mixed waterphase to a
well-mixed air phase across a stagnant water/air interface.

Aftnospheric background levels of the contaminants of concem are negligible.

The emission rate for a chemical from a water body takes the following form:

E: KiC'

where

a

a

I
I
I
I
I
I emission rate (g/cm2-sec)

overall mass tansfer coefficient (cm/sec) (chemical specific)
contaminant liquid-phase concentation (dcm")

The overall mass fansfer coefficient (IQ) is calculated via the following relationship:

1 1 R T-  =-+-
K i kiL H,k ,o

H . :ul

K =
C r =b

I
I
I
I
I
I
I
f

where

K t =
kil =

R =
l -

H t =
kic =

overall mass tansfer coefficient (cm/sec)
liquid-phase mass tansfer coefficient (cm/sec)
ideal gas law constant (8.2 x 10's af,n-m3/mol-oK)
temperature (oK)
Henry's law constant of compound i, (atm-m3/mol)
gas-phase mass tansfer coeflicient (om/sec)

6127 12002 311 1 PM sam l:lwordJcrocesslngvaporlstdoan
page 1-1FinalTechnical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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I Attachment 1 Air Modeling Methodology

The following table summarizes the input parameters for the overall mass transfer coefficients
(K):

Ku-" ry T H" Iicd llKt I(
(cm/sec) (atm-m3/mol-K) (K) (atm-m3/mol) (cm/sec) (l/cm/sec) (crn/sec)Chemical

Trichloroethene

Tehachloroethene

1,2-Dichloroetheneo

Chloroform
Vinyl chloride

Methylene chloride

Toluene

Carbon tetrachloride

I , I'Dichloroethene

Acetone

Carbon disulfide

6.69E-05
5.85E-05
7.74E-05
6.96E-05
9.61E-05
8.278-05
7.958-05
6.23E-05
7.748-05
1.00E-M
8.75E-05

1.03E-02
1.848-02
4.078-03
3.66E-03
2.718-02
2.19E-03
6.63E-03
3.05E-02
5.6r8-03
3.88E-05
3.028-02

0.35
0.32
0.39
0.36

.0.45
0.41
0.40
0.34
0.39
0.46
0.42

8.208-05
8.208-05
8.20E-05
8.20E-05
8.20E-05
8.208-05
8.20E-05
8.20E-05
8.20E-05
8.20E-05
8.20E-05

289
289
289
289
289
289
289
289
289
289
289

1.50E+04 6.69E-05
1.718+04 5.85E-05
1.29E+04 7.73E-0s
1.44E+04 6.95E-05.
l.MB+04 9.61E-05
t.21E+04 8.258-05
t.268+04 7.94F-05
1.61E+04 6.23E-05
t.29E+04 7.748-05
l.l3E+04 8.85E-05
1.14E+04 8.758-05

The following foohotes are noted for the Ki summary table above:
' Calculation of chemical-specific liquid-phase mass tansfer coefficient (Kn) is:

Kis = (MWO2ilvIW)or x fl/298) x kqoz

This equation is described in further detail below.
o Source for ideal gas law constant (R): U.S. EPA 1988. Superfund Expostre

Assessment Manual.
' Source for Henry's law values (II): U.S. EPA 1998. {.Iser's Guide to the Johnson

and EttingerModel.
u Calc,rlution of chemical-speoific gas-phase mass tansfer coefficient (K;6) is:

K;6 = (MWO2/IVfWJ0.33 x (T/298)t'@5 x (k6,e2)

where

MWO2 is the molecular weight of oxygen
MW; is the molecular weight of the chemical
T is the temperature of the chemical
Kc,oz is the gas-phase mass transfer coefficient for oxygen at

25 degrees Celsius fC) (Smith et al. 1983)

' Use Henry's constant for cis-1,2'dichloroethene

Hwang (1982) provides a method for determining a compound's liquid-phase mass tansfer

coefficient (kir.) for use in the above equation. To estimate kr., the following equation is used:

0,, =(Y:.'l.'f+) (k,,o,). - u '  
\ M W t  )  \ 2 9 8 ) ' "

Final Technical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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Attachment 1 Air Modeling Methodology

where

kis = liquid-phase mass tansfer coefficient (cm/sec)
MWoz = molecular weight of oxYgen
MWi = molecularweightofcompoundi
T = temperature ("K)
kuOr : liquid-phase mass tansfer coefficient for oxygen at 25 oC (cm/sec)

The gas-phase mass tansfer coefficient can be calculated in an analogous fashion using the
gas-phase mass transfer coefficient for oxygen (however, the exponent value is changed to 0.33).
Liquid- and gas-phase mass transfer coefficients for oxygen (0.00014 and 0.583 om./sec,
respectively) were obtained from Mackay et al. (1985) and Smith et al. (1983).

In order to estimate exposwe-point concenfrations (EPCs) associated with predicted vapor
emission rates for the chemicals of potential concern (COPCs), a simple California
Environmental Protection Agency (Ca1/EPA)-approved air dispersion model (the "box model')
was used (Cal/EPA 1994). The model takes the form of the following equation:

C a =
h x A

L S x T x M H

where

air concentation (mglm3)
emission rate over the irrigation ditch (mglm'-sec)
area of irrigation ditch (m2)
length dimensionperpendicular to the wind (m)
average wind speed with the mixing zone (nrlsec)
mixing height (m) (approximate height of breathing zone)

CallEPA default values for average wind speed and mixing height arc 2.25 meters per second
(rnlsec) and 2 meters (m), respectively. However, the values used for this evaluation were
5.76 rnlsec for wind speed and 1.5 m for mixing height. The wind speed value of 5.76 m/sec
represents an average of five site-specific wind speeds provided in the 1989 Risk Assessment
(Med-Tox 1989). The mixing height was reduced to 1.5 m to keep the model conservative. The
irrigation ditch is assumed to be 2 m wide. The worker is assumed to be exposed to VOCs that
have volatilized along an approximately 3-m upwind stretch of the ditch.

FinalTechnical Memorandum - Risk Evaluation for an Off-Station AgriculturalWorker
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The table below is a summary of final air concenhations:

Acronyms/Abbreviations:
m - meter
m2 - square meter
mg/m]-'sec - milligrams per square meter per second
mg/mo - milligrams Per cubic meter

REFERENCES
CallEPA. See Califomia Environmental Protection Agency.

Califomia Environnental Protection Agency. 1994. Preliminary Endangerment Assessment
Guidance Manual, Departnent of Toxic Substances Confrol.

CDM. See CDM Federal Programs Corporation.

CDM Federal Programs Corporation. 2002. Final Groundwater Monitoring Report, September
2001, Monitoring Round t4. 14 February.

Hwang, S.T. 1982. Toxic emissions from land disposal facilities. Environmental Progress.
/ (1).

Mackay D., and P. Leinonen. 1975. Rate of Evaporation of Low-Solubility Contaminants from
Water Bodies to Ahnospherc. Environ. Sci. Technol, 9(13).

Mackay, D., S. Paterson, B. Cheung, and'W. Neely. 1985. Evaluating the Environmental
Behavior of Chemicals with a Level III Fugacity Model. Chemosphere. 14:335-374.

Med-Tox. ̂ fee Med-Tox Associates, Inc.

Med-Tox Associates, Inc. 1989. Public Health Risk Assessment for the OCWDIIRWD
Proposed Trichloroethylene Containment Program, Irvine, Califomia. June.
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Chemical

Trichloroethene

Tetrachloroethene

1,2-Dichloroethene

Chloroform

Vinyl chloride

Methylene chloride

Toluene

Carbon tehachloride

1,1-Dichloroethene

Acetone

Carbon disul{ide

1.5
1 .5
1 .5
1 .5
1.5

2 1.5
2  1 .5
2  1 .5

Dimension
Area of Perpendicular Mixlng

EmisslonRate Ditch to Wind
(my'm2-sec) (m) (m)

9.368-05 6 2
1.058-06 6 2
7.llE-06 6 2
s.568-07 6 2
6.728-06 6 2
8.258-07 6
l . l lE-06 6
6.238-07 6
4.648-07 6 2 1.5
1.508-06 6 2 1 .5

1.49E-0s 6 2 1 .5

Ileight Wind Speed Concentration
(d (rn/sec) (ndm1

5.76
5.76
5.76
5.76
5.76
5.76
5.76
5.76
5.76
5.76
5.76

3.25E-05
3.65E-07
2.47F.06
1.93F-07
2.33E-06
2.87E-07
3.86E-07
2.16F.07
l.6lE-07
5.22E-07
5.168-06
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Smith, J.H., D.C. Bomberger, and D.L. Haynes. 1983. Volatilization of Pesticides from Water.
Residue Raiew. 85:73-88.

United States Environmental Protection Agency. 1988. Superfund Exposure Assessment
Manual. Office of Remedial Response. EPA/540/1-88/001.

-----. 1998. tJser's Guide to the Johnson and Ettinger Vapor Migration Model (source for
Henry's law constants).

U.S. EPA. See United States Environmental Protection Agency.
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Attachment2Table 1
El Toro CTO 164

Summary of U.S. EPATotal Lifetime Gancer Risks for the Agricultural Workerwith a Moderate Activity Level
Gross Pathway Sum by Chemical

Chemical Name

Carbon tetrachloride

Chemical
CAS Type

56.43-5 V

Medium

Air Volatiles

Exposure
Point

Concentration ExposureRoute

2.2F07 mgfuA Inhalation

Dose
(mgtilqday)

9.7849
Air Volatiles

Carbon tetrachloride

8.6E-09
Air Volatiles
Chloroform

72E49
Air Volttiles

Dichloroethylenef,l

1.3848
Air Volatiles

Methylene chloride

1.6E48
Air Volatilcs

Tetrachloroethylene (PCE)

l.5E-06
Air Yolatiles

Trichloroethylene (fCE)

r.0E{7
Air Yotatiles

Vinyl chloride

Lifetime
CancerRisk

5.1E-10
5.18-10

5.lE-l0

7.08-10
7.0E-l0

7.08-10

1.3E-09
13849

r3E{19

2.lE-I1
2.18-11

2.rE-lI

3.3E-11
338-11

33E-11

8.78-09
8.78-t)9

8.7E{9

3.2F-09
3.2E.49

3.2E49

Chloroform 6746-3
Air Volatiles 1.9E47 mg/m3 Inhalation

Dichloroethylene- I,l 75-354
Air Volatiles l.6E4l mglnB Inhalation

Methylane chloride 7549-2 V
Air Volatiles 2.9E47 mgln3 Inhalation

Tetmchloroethylene (PCE) 127-184 V
Air Volatiles 3.7847 m9lm3 Inhalation

Trichloroethylene (TCE) 79414 V
Air Volatiles 3.2E{5 mg/m3 Inhalation

Vinyl chloride 75-01-4 V
Air Volatiles 2.3846 m$m3 Inhalation

Notes:
CAS - chemical abstact service number
mg/kg;day - milligrams per kilogramsday
mg/m" - milligrams per meter cube

L:\deaniiVisk\eltoro\CHMIWFED. RTF
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Attachment2Table 2
ElToro CTO 164

Summary of State Total Lifetime Gancer Risks for the Agricultural Worker with a Moderate Activity Level
Cross Pathway Sum by Chemical

?,"rf,;F I

Risk - EV3.0.4

Chemical Name

Carbon tetrachloride

Chloroform

Methylene chloride

Tetrachloroethyl ene (PCE)

Trichloroethylene (TCE)

Vinyl chloride

cAs

56-23-5

6746.3

75{9-2

79414

75414

chemical abstract service number
milligrams per kilogramsday
milligrams per meter cube

Chemical
Type

v
Medium

AirVolatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Page 1 of 1

Exposure
Point Dose Lifetime

Concentration Exposure Route (mg/kgday) Cancer Risk

2.2E47 m!*$ Inhalation 9.7F09 l.5E-09
Air Volstiles 15849

Carbon tetrachloride 158-09

l.9E{7 mglm3 Inhalation 8.6E-09 1.6E-10
Air Yolatilcs 1.6E"f0
Chloroform 1.6E 10

2.9E47 mglrn3 Inhalation l.3E-08 4.58-ll
Air Yohliles 4.5F/f l

Methylenc chloride 45F-11

3.7E.47 m9ln'3 Inhalation l.6E{8 3.4E-10
Air Volatiles 3.48 10

Tetrachloroethylene (PCE) IAF;A

3.2E45 mg/m3 Inhalation l.5E-06 1.5848
Ah Voh:tiles 1.5848

Trichlorcethylene (fCE) 158{8

2.3E46 mg/n8 Inhalation t.0E-07 2.8E-08
AitVohftus 2.8D{8

Vinyl chloride 2.88{18

Notes:
CAS
mdkS:day
mg/m'

L:\cleani i\risk\eltoro\CH M IWCA.RTF
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Attachment 2 Table 3
El Toro CTO 164

Summary of Chronic Hazard Index for the Agricultural Worker with a Moderate Activity Level
Cross Pathway Sum by Ghemical

Chemical Name

Carbon disulfide

Carbon tetrachloride

Chloroform

Dichloroethylene (mixture! 1,2

Methylene chloride

Tetrachloroethylene (PCE)

cAs

674+l

75-r54

5623-5

6746-3

540-59{

75-354

7549-2

r27-184

Chemicrl
Type

v
Medium

Air Volatiles

Air Volatiles 5.2E46mg/m3 Inhalation

Air Volatiles 2.2E47 mglm} Inhalation

Air Volatiles 1.9E47 mglm3 lnhalation

AirVolatiles 2.58{6 mg/m3 Inhalation

Air Volatiles l.6E-07 mg/m3 Inhalation

Air Volatiles 2.9E47 mglm3 Inhalation

AirVolatiles 3.7Eql @ftt3 Inhalation

Exposure
Point

Concentraiion ExposureRoute

5.2E47 m{rB Inhalation

I)ose
(mglkgaay)

6.5E-08
Air Yolatiles

AcetonG

6.58-07
Air Volaf{es

Carbon disulfide

2.7848
AbVolatiles

Carbon tetrachloride

2.4F.48
Afu Volailcs
Chloroform

3.lE-07
Air Volatiles

Dichloroethylene (mixturelt 12

2.08-08
Air Yolatiles

Dichlomethylenelrl

3.6E48
Air Yolatilcs

IVtethylcne chloride

4.6E-08
Air Volatiles

Tetrachloroethylene @CE)

lfazard
Indcx

6.5E-07
6SE{7

65'F-07

3.2E46
3.2E,46

3.2EJ,6

3.9E45
3.98-{t5

3.9845

2.8E04
2AE"0,4

2.8E{t4

3.48-05
3.4E-05

3.48-t)5

2.2F46
2.2F,{,6

22E,46

4.2E48
4.2BAa

4.2F,{g

4.0E07
4.0E{r7

4.08-t)7

L:\cleanii\risk\eltoro\CHMIWHAZ. RTF

{table continues)



I I I I I I I I
isk - B/3.0.4

Attachment 2 Table 3 (continued)

Chemical Name

I I
1","r;,;[:

I I

Exposure
Point

Concentration

3.98-07 mg/m3 Inhalation

3.2E45 mg/rn3 Inhalation

2.3E06 mglnfl Inhalation

I

Exposure Route

I

Toluene

Trichloroethylene (TCE)

Vinyl chloride

cAs

108-88-3

79.o14

75414

chemical abstract service number
milligrams per kilograms{ay
milligrams per meter cube

Chemical
Type

V

Medium

Air Volatiles

Air Volatiles

AirVolatiles

Dose
(mg/kg-day)

4.8E48
Air Volatiles

Toluene

4.1E-06
Air Volatiles

Trichloroethylene (tCE)

29841
Air Volatiles

Vinyl chloride

Page2of 2

Ilazard
Index

4.4E47
44E.47

4AL07

6.8E-04
6.88{t4

6.88-ll4

l.0E-05
1.0F1)5

1.0845

V

Notes:
CAS
mg/kg-day
mg/mo

L:\clea niiVisk\eltoro\CHM IWHAZ. RTF
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Attachment 2 Table 4
El Toro GTO 164

Summary of U.S. EPATotal Lifetime Cancer Risks for the Agricultural Workerwith a Strenuous Activity Level
Cross Pathway Sum by Ghemical

Chemical Name

Carbon tetrachloride

Chloroform

Dichlomethylene-l,l

Methylene chloride

Tehachlomethylene @CE)

Trichloroethylene (TCE)

Vinyl chloride

cAs

5Gl3-5

6746.3

75-354

7549-2

tn-t84

794t4

754t4

chemical abstract seMce number
milligrams per kilogramsday
milligrams per meter cube

Chemical
Typc

V

Medium

Air Volatiles

Lifetime
Cancer Risk

7.9E..t0
7.9F-10

7.9F-10

l.lE-09
1.1E{t9

r.lF{9

2.0E-09
2.08-09

2.0E-09

3.3E-ll
338 11

338-11

5.2E-ll
5.28-11

s-ztr;ll

1.4E48
1,4F1)8

1.48-08

5.lE-09
5.lE-09

5.lE{19

Exposure
Point

Concentration ExposureRoute

2.2E,.O7 mglrn3 Inhalation

I)ose
(mg/kg-day)

l.sE48
Air Volatilzs

Carbon tetrachloride

1.3E48
Air Volatiles
Chloroform

l.lE-08
Air Volatiles

Dichloroethylene.l,l

2.0E-08
Air Volatiles

Methylene chloride

2.6E{8
. Air Votatilzs

Tetrachloroetbylene @CE)

2.3E46
Air Volaliles

Trichloroethylene (f CE)

l.6E-07
Air Vobtiles

Vinyl chloride

Air Volatiles l.9E-07 mg/m3 Inhalation

Air Volatiles l.6E{7 mg/m3 Inhalation

Air Volatiles 2.9E47 mgftn3 Inhalation

Air Volatiles 3.7E07 mglln3 Inhalation

Air Volatiles 3.2E-05 mg/m3 lnhalation

Air Volatiles 2.38{6mg/m3 Inhalation

L:\cleani iVisk\ettoro\CH MEWFED. RTF
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Attachment 2 Table 5
El Toro CTO 164

Summary of State Total Lifetime Gancer Risks for the Agricultural Worker with a Strenuous Activity Level
Gross Pathway Sum by Chemical

Chemical Namc

Carbon tetrachloride

Chloroform

Methylene chloride

Tetrachloroethylene (PCE)

Trichloroethylene (TCE)

Vinyl chloride

cAs

56-23-5

6746:3

7549-2

127-184

79414

754r4

chemical absbact seMce number
milligrams per kilograms-day
milligrams per meter qrbe

Chemical
Type

v
Medium

AirVolatiles

Air Volatiles l.9E{7 mg/m3 lnhalation

Air Volatiles 2.9E-07 mglm3 Inhalation

Air Volatiles 3.7847 mglm3 Inhalation

Air Volatiles 3.2E45 mg/m3 Inhalation

Air Volatiles 2.3E{6mg/m3 Inhalation

Dose Lifetime
ExposureRoute (mg/kg-day) CsncerRisk

r.5E-08 2.3E-09
Air Volatiles 2JFl)9

Carbon tetrachloride 23E49

l.3E-08 2.68-10
Air Volatiles 2.6n-10
Chloroform 2.6W10

2.0E-08 7.0ell
Air Volatiles 7.0E-11

. Methvlene chloride 7.0E-11

2.6E{8 5.4E-10
Air Voldtites 5.48-10

Tetrachloroethylenc @CE) 5.4E-10

23E46 2.3E-08
Air Volatiles 23E-l)8

Trichloroethylene (ICE) 238{8

l.6E-07 4.4E-08
Air Yolatiles 4.48-08

Yinyl chloride 4,48-08

Exposure
Point

Concentration

2.2F47 mglrll.3 Inhalation

Notes:
cAs
mgftg-day
mdmo

L:kleaniiVisk\eltoro\GHMEl/t CA.RTF
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Attachment 2 Table 6
El Toro GTO 164

Summary of Chronic Hazard Index for the Agricultural Worker with a Strenuous Activity Level
Gross PathwaySum by Ghemical

Chemical Name

Acetone

Carbon disulfide

Carbon tetachloride

Chloroform

Dichloroettylene (mixturell,2

Dichloroethylene- I , I

Methylane chloride

Tetrachloroethylene (PCE)

cAs

674+l

75-15-0

56-23-5

6746-3

540-594

75-354

7549-2

t27-184

Chemical
Type

V

Medium

Air Volatiles

Exposure
Point

Concentration

5.2847 mgln0

Dose
(mglkg-day)

l.0E-07
Ab Volatiles

Acetone

l.0E-06
Alr Volatiles

Carbon disulfide

4.2E-08
Atr Volatiles

Carbon tetrachloridc

IJitztrd
Index

1.0846
1.08 06

l.0E{16

5.rE-06
5.l1116

5.lE-{t6

6.0E-05
6.08-.05

6.0805

4.4F.Q4
4rE-04

44r.44

5.4845
5.4845

5.4845

3.5E-06
3.sE{t6

35FJ6

6.5E-08
658-08

658-ll8

63F.m
63847

63F-l)7

Exposure Route

lnhalation

v

Air Volatiles 5.2E-06mg/m3 Inhalation

Air Volatiles 2.28{il mglm3 Inhalation

Air Volatiles l.9E{7 mg/m3 Inhalation

AirVolatiles 2-5E46mg/m3 Inhalation

Air Volatiles 1.6E47 mglm3 Inhalation

Air Volatiles 2.9E4i1 mg/nB Inhalation

Air Volatiles 3.78ry mg/m3 Inhalation

3.8E48
Air Vololiles
Chloroform

4.8847
Ab Volatiles

Dichloroethylene (mixtu rell,2

3.2E48
Ab Volatiles

Dichloroethylenel,l

5.68-08
Air Yolatiles

Methylene chloride

7.2848
Air Yolatiles

Tetracbloroethylene (PCE)

L:\cleaniiVisk\eltoro\CH MBAtFIAZ.RTF
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Attachment 2 Table 6 (continued)
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Chemical Name

Toluene

Trichloroethylene $CE)

Vinyl chloride

cAs
108-88-3

79414

754t4

chemical abshact service number
milligrams per kilogramsday
milligrams per meter cube

Chemical
Type

v
Medium

Air Volatiles

Air Volatiles

Air Volatiles

Exposure
Point

Concentration

3.9E-07 mg/m3

Exposure Route
Dose

(m/kg-day)

7.6E{8
Ab Volatiles

Toluene

6.4E-06
Air Yolatiles

Trichloroethylene (fCE)

4.6E.47
Afu Volatiles

Vinyl chloride

Page2oJ 2

Hazard
Index

6.9E47
6.9E.47

6.9F,+1

1.18 03
l.1E{3

1.18-{t3

l.6E{5
1.6E-05

1.6845

Inhalation

3.2E-05 mg/m3 Inhalation

2.3E46 mgfuA Inhalation

Notes:
cAs
mS/kS:day
mg/m'

L:\cleani i\risk\eltoro\CH MEI'VF|AZ. RTF
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The orange courty water District (oc!gD) has dl.scovered that
groundwater underlying portions of the city of rnrine is
contaminated with trichloroethyJ.ene. Hydrogeological studies
perforroed blz _the- Orange County ttater District and other parties
have revealed tlat a plune of trichloroethylene contaiinated
groundwater is nigratrng -westward and poses a threat to drinking
groundwater aquifers in the County of Orange. To help contain th6
westerly ni.gration of this eontaainated. groundwatei plune, the
Orange County l{ater District and the XrrrLne Raneh Watel District
propose to ptlnp the contaninated groundwater from the western end
of the plune and use it for lrrigatlon of agricultural flelds and
greenbelts. TIe. p''olp+ng program wourd be operated J.oint,ly by the
orange County !f,ater District and the fnrine Ranch'wlter Oistiict.

The purposg of this risk assessment is to evaluate the nagnitude
and p_robabili-ty of public health rislcs assocLated with pof,ential.
trichloroethylene enissions frou trichloroethylene conlaninated
water 'used f,or irrigatS.on. ,

PRqTECg *Np srrE pEscnlPrroN

rn -L985-r ds a part. -of the Districtts ongoing water qual.ity
nonitoring Progran, the orange County watel District adtectei
trichloroethylene in three Inrine area-irrlgation wells. xnitiai
water guallty tests revealed elevated trichloroethylene levels in
an_irrigation well Located on the El Toro Marine corps Alr Station
and in two wells located west of the alr station. ihese westerly
wells are consldered to be down gradient wtth respect to regionai
groundwater flow fron the contaminated well loclted at thi air
stat ion.

To characterize the nagmitude 9€ the trichloroethylene
contamination ln the aforementioned welIs, the orange County ilater
District and. the El Toro Marine Corps Air Statlon initiitea a
progrglr_of q{ditional- groundwater testing. This additional testing
revealed evidence of both groundwater contanination at the base an[
up to three niles doqrn gradient. Ihe groundwater contarnination was
discovered to extend t,o a depth of approxiluately 2OO to 450 feet
below the surface and is estLnated to inpact l5OrOOO acre-feet of

I

t i i



groundwater. Furthernorer the Orange
iuggested that the trichloroethylene
th;-Ef Toro Marine corPs Aif Station
of f-base contaDi;ation 

-Plunel.

The westward nigration of the trichloroethylene contaninated plune

toser a significant threat to domestie wells located west, of
ilewport Bouievard which are used as drinkinE water sourcesi.
Watir-guality tests performed luring _1985^ to- the present tine have
reveaL6d th;t the Concentrations of trichloroethylene in wells
monitored have ranged from rrtracen to 90 \g/L. State of CalLfornia
;;a-f;eEiaf drinkiirg water Eratity standards nandate that drinking
water should not cohtain trlchloroethylene Ln excess of 5 ug/Ll

The Orange Cowrty l{ater District and the Irrrine Ranch Water
District have propbsed a plan to contain ttre vestward_nigration- of
tn r ' t r i ch1or -oe thy1ene-contan ina tedgroundwaterp1une
propose to punp tiictrloroethylene contaqilar.ted_gpoundwdter'at a
iatl of ?00 gations per uinute into the existing rrrrine Ranch water
Districtts rLclairned water distribution system. This nixed water
*iii-E" used for drip and sprinkler irrLgation of agrieultural
fields and greenbelt ireas in the City of ltrrine.

A well and punping station wiII be devel-oped nea.{ the- intersection
of ;.ftrey i,oai aria fnine Center Drive in the gity of lrrrine. The
igrltdlu'ral field where irriga-tion wil:l occur is bounded by rrvine
c6ni"i-orive to the north, leifrelr Road to the east, the San Diego
Freeway to the south and CuLver Boulevard to the west. The

;;qt;;ad well will be I'obated at the western edg? of the existJ'ng
tiiEttforoethylene contaninated plune near two existing wells, TIc
35 and 47. Trichloroethylene eontaminated groundyater has been
punped and used for sprinkler and drip _ iri_gation in agricultural
iteias since at least 1985 and probably longer from these two
wel ls

lphase f Report Investigation of TcE contanination in the
vicinity of the El Toro Marine Air Corp. Station by Roy L. Herndon
and James F. Rei l ly ,  oc1{D, March 29, 1989. 

'

2 orange County Water Distrlctr Results of an inv.estigation
of the TCE reruoved during sprinkler and drip irrigation in the
Inrine area, March 1989.

County Water District study
contamination discovered on
nay be contiguous with the
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RTST ESSESSI{ENT APPROECE

Risl< assessment has four basic elenents: hazard, identif ication,
dose-response assessnent, exposure assessment, and risk
charActeiization. Hazard identification involves identifying the
tlpes of health and environmental risks that are associated with
tha chemical,s of concern. once the potential hazards are
identified, the anount of e>qlosutre or. dose necessary to produce
adverse ef,fects is evaluated. Since all chernicals atre toxi.c at
some dose, this step provid,es a preliuinary assessment of the tlpes
of toxic effects that would be anticipated fron. exposure to a
ch€tnical at a given dose. Exposure assessrnent identifies which
populations are potentially exposed, delineates tlte potential
Lxposure routes and quantif,ies the potential level of expos-ure qt
ealtr identified receptor site. Risk characterization is the
process of defining the probability or risk that adverse heal.th
Lffect will oesur in the exposed populatlon..

The rlsk assessment process is targeted to identify tlre potential
exposure pathways that have the greatest probability of adverseJ.y
iropacting prDlic health and the environment. Consetrratism is
inlorporitea into the risk assessnent process. Conserrative
assumptLons are used in predicting e4)osures and dose-response
relations. Therefore, the predicted risks likely overestiuate
actual risks.

Trro consenrative exposure scenarios are used to estirnate the. d,ose
or amount of trichloroethylene e)q)osure that conmunity residents
and on-site workers roight receive from trichloroethylene enissLons
associated wlth sprinkler and drip irrigation. One exposure
scenario, the worst case scenario, assunes that pumped
trichloroethylene containing groundwater will not be nixed with
reclaiued water in the Inrine Ranch Water Districtrs delivery
systen. Another consenrative e{posure scenario, the plausible
exposure scenario, assunes that the trichloroethylene contaminated
punped groundwater is uixed with reclained water to be twenty
percent of the orlginal concentration.

The operational plan for punping water anticipates that there will
be diurnal and'ieasonal variations in water consumption denands.
In this risk assessnent, to be conserrtative it is assumed that the
eontaminated groundwaler will be continually applied at the rnaximal
usage rate to the snallest area thereby producing the greatest
release potential of trlchloroethylene. Both the worst case and
plausible exposure scenarios assune that trichloroethylene will not
be degraded after volatilization. Both exposure scenarios
consenfatively assune that connunity residents will be eIpo??q
twenty-four hours daily for seventy years and on-site workers will
be exposed five days a week, eight hours a day for forty years.
Both icenarios assume that 10Ot of the enitted trichloroethylene
will be absorbed by breathj.ng.

v
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The risk characterization process is designed to prudently avoid
underestirnation of risk since the factors used to determine the
potency of a chemical to induce chronic toxicity or carcinogenicity
lre conservative. In the case of carcinogens, a nultistage, non-
threshoJ.d, linearized nodel is used to extrapolate potential cancer
risks from high dose to low dose. This nultist3g€, non-threshold,
Iinearized rnodel assunes that any e)qtosure is associated with some

"ittc.r 
risk even though ottrer scientitic nodels rnight not predict

such risks. Cancer potency factors that have been developed to
predict human cancer risk assume that hunans are as sensitive as
the nost sensitive aninal species.

COItCIrtrSfONg

populations at risk fron potential. trichloroethylene exposure
inltuae on-slte workers and nearby conmunity residents. Both
topulationE are at risk -f,rom 

-potential 
, .+q ..'ernid'sions of

LrLchl,oroethylehe. vapors since trichloroethylene . is readily
volati l ized froa applied water. Fugitive dust emissions of soiL
contaninated with trichloroethylene are Judged not to be
significant. Eupirical data do not provide any evidence of
reildual trichloroethylene soil contanination even though such
soils have been irrigated with trichloroethylene contaqinated water
since at least 1985 and probably longer. Groundwater ls not used
as a drinking water source and therefore does not present a direct
human healtlr rlsk frou ingestion at present.

The er<posure assesstrent reveal.s that using the assrrmpttons in the
worst case scenario the increnentaL project related annual average
tricgoroelhylene concentrations in the inpacted area will be 3-4
x 10'6 uglmr The total atnount of trlchloroethyLene applied to the
project area daily will be 57.2 grn. Trichloroethylene is, a
thenical routlnely found in the South Coast ALr Basin. Air qual.ity
tests during 1986-1987 perforroed by the South Coast Air Quality
Management District and CaLifornla Air Resources Boapd have
reveiled a trichloroethylene annual average of 1..07 uglnr in the
Inrine Regional Park area. Therefore, the project-related
increuental concentration of trichloroethylene release is dg
nininus in comparison to background trichloroethylene exposure
Ievels found in the south coast air basin.

Bhe potential public health risl<s from exposures. to released
trichloroethylene associated with this project are insignificant
or de nrini.rnls. Using the conservative .assunptions in both the
pfausiUfe ind worst cise exposure scenarios, potential.ngancer rlqks
frog project  re lated enissions range fron 6.37 x 10- ' '  to 1.485 x
10'13 ior 

-uotfr 
nearby connunily and ori-site workers ' Thereford, even

if the entire Orange County population of over two nillton persons

zlftp;ffi1
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rdere to be ex;losed to trichloroethylene fron the project, 24 hours
a day f,or lifetine, not even one excess eancer case fron the
projdct-related trichloroethylene emissions would be expepted.
fne-potent'ial cancer risks for all potentially -gxposed person are
well below the one-in-one-nillion (1 x 1o'") risk cournonly
considered to be insignif icant by regiulatory agencies and
scientif ie bodies.

There is no evidence that any potentially e:rposed persons would be
at significant risk for developing any other adverse health
effectl.' The Hazard Index is used to assess potential risks for
[o1-cdtcinogenic effects. ft should be enphasized that the Hazard
Index is not a natlrematical predictor of the incidence or severlty
of toxic effects but rather is an indicator of the degree to which
acceptable Levels of a contaminant are exceeded. If the Hazard
Xndex exceeds unity, the public health concern is the sane as if
the lndividual ctremical. exposure exceeded the acceptable level by
the sane proportion. Using the assumptions ln both the wbrst'case
and plausi.ble elq)osure scenarJ.os, the Haaard Index associated with
pote'ntial project-relatqd triehloroethylene enissions ranged from
2.4s x lo'ro to 5.2 x 10'' for on-site workers and nearby cornmunity
residents.

If unchecked, the trichl.oroethylene contamlnated groundwater plune
will move westward and withln 3 to 5 years reach County of Orange
drinking groundwater aquifers. The heaLth risks associated with
ingestlon-of groundwater contaninated with g ppb tlichloroethylene
foi lifetine greatly exceed the risks assoclated with lifetlne
inhalation of trichloroethylene reLeased from applied water using
the assumptions in the pJ.ausible exposure scenario. Ftrrthetmore,
if the County of Orange drinking groundwater sourceE become
contaminated with trichl.oroethylene, the risks associated with this
contamination could not be nitigated solely by relying on another
available drinking water source since there would still be
associated health risks fron trichloroethylene inhalation
associated with non-drintcing dornestic water use activities such as
showering.

I
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.1.1 Enviroaueatal Cbroaology ol tbe ProJect

The objectlve of this risk assessment is to evalua€e the
potentlal hrrman healtlr risks associated with the proposed
irse of trichloroethylene (TiE) contaninated grounalater
in drip and sprinkler lrrigatiqn of agrieultural fiel.ds
and greenbelt areas in the City of Inrine. RisJ<
assessnents are designed to evaluate the nagnitude and
probability of potential publlc health risks posed by
chenical contaninants found in the envi.ronment. Healtlt
rLsk infotmation can then be used by risk Danagers in
evaluating tlre rlsks associated sith a planned project.

Orange County Water District (OCI{D) was established
1933 to mange and protect the coumon groundwater

supplies of the northwestern portion of orange county,
cali.fornia. the ul.ssion of District is being'gtrided by
Lts adopted Groundwater Quallty Protectlon Policy which
directs the Dlstrict to 1) naintain a groundwater supply
of, suitable guality for all exlsting and potential
beneflcj.al uses, 2) prevent degradation of the gtrality
of, the groundwater supply, and 3) assist, insofar as
possible, the responsible regrulatory agencies in
identlfying sources of pollution to assure cleanup by the
responsible party (s) (OCt{D, 1987) .

The groundwater underlying patt of the El Toro Marine
corpJ Air Station (MCAS) and a portion of the'City of
Inrine was discovered to be contaminated with
trichloroethylene in 1985 by the Orange County Water
DLstrict. Extensive studies have been conducted by the
Orange County lfater Dlstrict and the'81 Toro ltarine cor?s
Air Station to deteml.ne the source(s) and the extent of,
thls contaminatl.on (Ogl{D, 1989a, 1989b) . These studies
have revealed extensive trichloroethylene groundwater
contarnination. The trichloroethylene contamination
curently extends approxinately three niles weEt of the
air station at depttrs. ranging fron 200 to 450 feet bel.ow
ground surface. It underlies approxinately 2,9oO acres
and inpacts as nuch as 1501000 acre-feet of groundwater.
The trichloroethylene laden nater body is rnigrating
westward at an estirnated rate of one to four feet a day.

The spreading of triehloroethylene contaninated water
poses a significant thrFat to County of orange drinking
water supplies. Given the rate of current nlgration, it
is estinated that downgradient driil<ing water sourses
vill be contaminated in approxinately 3 to 5 years. To
protect the guallty of County of orange drinking water
sources, the Orange County l{ater District has proposed
a trichloroethylene containnent proEral!. The progran wiII

1 -1



renove the trichloroethylene contaminated water by
punping the water to the ground so that it can be used
ior-grSenbelt and agricultural irrigation in the city of
IrrrLne. Groundwater containing trichloroethylene w{II be
connected'to the Irrrine Ranch Water District (IRWD)
reclained water systen and used f,or sprinkler and drip
irrtgation over an estinated area of 205 acres. (IRI{D,
1 9 8 9 ) .

L.2 GuLdaace DgcuneDts

A standard fornat for prepaiing risk asseEsnents has not
been deflned by regulatory agencies or professional
societies. However, guidance has been provided by
regfulatory agencies concerning .ho* rlslc assessuents
should ba perforned for assessing human heal.th and
environnental risks of chernical e:rposures. The principal
gruidance docurnents used in preparing this r.Isk assessnent
include:

o The California Site Mitiaation Decision Tree lrlanual.
Department of Health Ser:lrices, State of California,
1 9 8 6  ( D H S ,  1 9 8 6 ) .

,"|np"-,I"oXl

" l

I
I
I
I

o 'The Endanqerment Assessnent, Ilandbook. US EPA Office I
.of Waste Programs Enforcement, draft dated August I

1985 ( ICAXR,  1985a) .

O .

Washington, D.C.: US EPA, Office of Energency and
Reuedial Response. Contract No. 68-01-7090 Task 7,
EPA 540,/1-861060, October 1986 and EPA, 1989. (EPA,
L 9 8 6 f ,  1 9 8 9 ) .

o guldance on Feasib .
Chapter 5, tr8valuate Protection of R.tblic Health
Requirenentsn, U.S. Environnental Protection Agency,
Office of Research and Developnent, Cincinnati,
ohlo; and of f ice of Solid l{aste Prograns
Enforcenent; and office of Solld l{aste and Emergency
Response. I {ashington, D. C.,  June, 1985. (EPA,
1985b)  .

Other rlsk assessnent guidance docurnent,s, health risk
assessnent reports, and references consulted and used in
the preparation of this risk assessnent, include the
following:

T
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for Carcinogen Risk Assessmentrr, (EPA,

for Est,irnating Exposurerr, (8PA, 1986b) ,

for Mutagenicity Risk Assessnent[, (EPA,

I

r"1nP.il.glt
I{aste Slte Investiaations. (ICAIR,
I n c . ,  L 9 8 5 b )  ,

fe Systems,

o nGuideline
1986a)  ,

o trGuideline

o ttGuideline
L986c )  ,

o nGul.deline for Health Risk Assessraent of Chernical
Mi:cturesfr, (EPA, 1986d) ,

o trGuidelines for the Health Risk Assessuent of
Suspect 'Developuental Toxicantst, lgPA, 1'986e) '

o nToxic Air Pollutant Source Assessment Manual for
CaLLfornia Air Pollution Control Distrlct Petmits",
(CAPCOA, 1987) ,

o Drinkincr l{ater aqd Health, Volumes L 6, (NRC'
L 9 7 7 ,  1 9 8 0 ,  1 9 8 2 ,  1 9 8 3 ,  1 9 8 6 ) ,

1.3 For:uat of tbe ltLgk lssesstrerrt Reltort

A1pically, a risk assessment contains four' basic
ellrnents. These are: 1) hazard identification, 2)
dose-response assessment, 3) exposure asEessment and
4l risk characterization.

Hazird fdentification characterizes the threat to
hunan healtlr and the environment posed by the
intrLnsic toxicological and chemical properties of the
detected contaroinants. A qualitative assessment is
rnade of the toxicologicaL significance of the chenical
conEtituents identif,ied. For exanple' the detected
chenicals nay bi identlfied as carcinogens,
neurotoxins or reproductive toxins. Trichloroethylene
is the chernical evaluated in this risk assessnent.
Chapter 2 presents the toxicological propertJ.es,
environnental fate and transport characteristics of
trichloroethylene.

Dose-Response Assessment is the critical examination
oi--Toxi-coloEical data used to determine the
relationshlp between the exposure or dose levels and
the predictea response of a receptor' MaJor strengths
and 

-uncertainties 
of the anirnal or epidenioloEical

data are identified. For exarnple, in assessing risks

1-3



,+lnp"ilpxl
to humans, hu:nan epidemiologieal data is preferred
over estimates derived from aninal toxicology data.
other factors exanined in the dose-response asseEsnent
include: the choice of the matheuatical extrapolation
rnodel used for extrapolating frou high (adninistered
doses) to low (environnental doses); the overall
weight of evidence for carcinogenicity of a particular
chemical; and the accuracy of interspecies cornparisons
(i.e., adJustuent by the ' investigators using
standardized scaling factors to acceunt f,.or the
dif_ferences between humans and experirnental test
an ima ls ) .

Absorption rates for dennaL, inhalation and ingestion
e:q)osures are examined in light of the rnatrix in which
the chenical is found. For example, a chlorinated
solvent bound in a soLl natrix will lilcely absorb more
slowJ.y through the hunan gastrbintestinal tiact'than
it woula lf 

-lngested 
as a laboratory grade lJ,quid.

Dose-response assessment is contained in both Chapters
2 and 3, but not as a separate toPic.

Exoosure Assessment evaluates the plausibility and
'inportance, relative to pttbltc health and
envLronnental considerations, of possible exposure
pathways. The environmental concentrations of site
contaruinants at the receptor Locations are predicted
and the receptorts potential exposure is quantif,led.
An asse3sment of pathway trconpLeteness[ is nade. Xn
other words, is there a complete (ie. unbrolcen)
exposure pathway for the cheuical to t,ravel from the
source to a receptor? And, is there a suitable
receptor ln the exposure pathway? If no eonplete
pathway is present, probable pathways are hl4pothesLzed
and receptors are identified. Chapter 3 contains the
etaposure assessDent.,

nisk - iharacterizatioJB estinates the incidence or
probabillty of an adverse health or environmental.
eff,ect occurring under the exposure conditions defined
ln the exposure assessment. The risk characterization
process integrates exposure infonnation such as
anbient air concentration data to detetmine the amount
of net chernical intake by the receptor.

The net anount of chenical intake by a receptor is
caLled the effective dose. AD associated risk is
predicted fron the effective dose. Ihe' risk
characterizatlon process provides quantitatlve
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carcinogenic and non-carcinogenic risk estirnates that
qan be used by pollcy nakers to reach decilSions
regarding the planned project. Risk characterization
is presented ln Chapter 4.

fhe process of risk assessment includes consenrative
assunptj.ons which are likely to overestinate risk. The
nature and llnitations of the predicted risks are
dlscussed in Chapter 5. The inplications of
introducing assumptions into the risk assessment and-.
how such assuaptions lead to uncertainties are also
discussed.

1-5
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2.1 rroJect Eackgroua0 Inloruatiou - ,."

In 1985, during tha course of a routine bbsinwide
,groundwater uonitoring of all active production wells, the
Orange County Water District discovered, for the first
tine, triehloroethyLene in three Inrine area irrigation
nells located west cif the EI Toro Marinei Corps Air Station.
Detected trichloroetlrylene water concentrations ranged from
trace to 50 pg/L (oc*rP, r989a)

Irunediately after the dLscover:f of trichloroethylene, the
Orange County l{ater Dl.strict and the E1 Toro Marine Corps
Air Station conducted hydroEeological studies to determLne
tbe extent and possible sources of the trichloroethylene
groundwater contanination. New nonitoring wells as well as
active and lnactive irrigation wells in the Inrine 'area
were incorporated in tlre water guality rnonitoring prograns.
lhe location of these wells is presented in Figrure 2.L.
Saupllng qt 13 off-ba3e wells conducted between 1985 and

- 1987 revealed the presence of trichLoroethylene Ln + rrells:
TIC 35 (11. 4-48. 7 ttg/Lt , Tf C 7 4 (not detected -0. 6 ttgr/L)
TIC 47 (3.4-10.5 t rg/Ll  and TIC 68 (not detected -  0.8 pq/L)
(Flgrre 2.1) .

Groundwater studies at the El foro Marine Corps Al,r Station
have revealed tlre presence of trichloroethylene
contamLnated grroundwater bglow the base. Trichloroethylene
was detected in seven base weLls at concentrations ranging
from rrnot detectedn in wells PS-s and PS-7 to 90 trg/L in
well PS-8 which is located near the southwest base property
line. Tricbloroethylene was found in the following base
wellsr PS-l (19 ppb) r Ps-3 (64 ppb) r Ps-4 (?8 ppb) i PS-6
(11 ppb) t  Ps-8 (90 ppb) i  DW-135 (7 ppb);  and Trc 5s (0.9
Ppb) .

The Orange County Water District studies have provided 
"r,estinate of t-he bbundaries of the trichloroethylene

contanLnation and tbese are illustrated ln FiEure 
'2.2 

(OCI{D
L989 arb) . Tbe southern boundary of the trlchloroethylene
plune is'estina.ted to approach San Diego Creek and the Agua
Chinon Wash which Ls a probable groundwater recharge source
for the narEin of the basLn. The northern boundary of the
trichloroethylene plune appears to be fairly well defined
by non-detectable trichloroethylene concentrations in wells
TIC 11.1,  TfC 110, and TIC X13 (Ftgure 2.1),  The wester ly
extent of trichloroethylene contamination appears to lie
between the Woodbridge North Iake wel.I, TIC 78 on Culver
Drive and nel I  TfC 106 (OCl{D, 1989 ?,b). .

2-L
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The verticaL distribution of the trichloroethylene plune
has'been delineated by cluster wells near the TIC 5|'weII
on the llarine Corjs Air Station and at four l{P nonitoring
wells (Figrure 2.1). In wells l{cAS-l' MCAS-2 and }lcAS-?,
trichloroethylene contarninated groundwater was found at
depths between 200 and 450 feet. Tbe highest concentration
was present below 300 feet. Trichloroethylene was deteeted
in cluster welLs Dt{-135, D!f-450, and DW-540 at the El Toro
Uarine Corps Air Station at depths of 135, 450, and 54o
feet, resPectively (OC!{D, 1989a). -.

Trichloroethylene rras not detected in the MP noni.toring
wells at shallow depths above 2OO feet, discounting the
possibiflty that the trichloroethylene .groundwater
Lontanination was due to superflcial contaminatlon sources
at these locations. Trichloroethylene was not detected in
UP nonitoring wells belov depths Of 450 feet. "- A r'eason
for the lack of trictrloroethyltne groundwater contanination
at depths below 450 feet is the relative inmobil ity.of
groundwater at thls depth. It is estLnated that the

. frichloroethylene-contaninated groundwaler aquifer is at
least Z00-f,eet tbick, covers 2r9OO acres and inpacts as
much as 1501000 acre-feet (OCI{D 1999b)

. In Novenber 1988, the monitoring well named tNorth Laketr
located ln l{oodbridge Village was discovered to be
co4taminated. with 0.9-ppb trichloroethylene for the first
tiie. Prior water guality tests for trlchloroethylene had
been negatJ.ve ln this well. The presence of
trichloroLttrylene in this well provS.ded evidenbe to suglest
that the trichloroethylene plune is nigrating westward.
Tbe Orange County Witer Oistriet has estiuated this
nigratlon to be in the range of one to four feet per day
(ocr{D 1,989b) .

2.2 Deserlptlon of the Proposed TCE Containrnent ProJect

The Orange County t{ater District has proposed a plan to
inrnediatCly contain the westerly nigration of the
aforenentioned trichtoroethylene plune by punping the
contaninated groundwater so that tt can be used for
irrigation. 

-Purnped 
groundwater will be connected to

exisi,ing or future Inr-ine Ranch Water District reclaimed
waler distributlon lines and used for irrigation. The water
will be distributed to greenbelt areas by a .sprinkler
systen and to agricultuial fields by drip irrigation
systen.
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This proJect calls for the installatlon of
station near the intersection of Jeffrey Road

punping
I.nrine

Center Drive in the city of xnrine. The proposed uain
punping statlon will be located on the western end of
existing contaminated p).une and near the existing wells TIC
35 and 47  (F igure  2 .21  .

Irrigation wells TIC 35 and 47 have been in senrice sirrce
at least L985 and probably longer. Studies have shown that
inf,low into these wells is alrnost exclusively derived from
the conta'ninated trichloroethylene zones (ocrdD, 1989b) .
Pr:nping these wells along with proposed putuping from the
new weLl will sente as an effective Deasure to control
triehloroethylene nigration.

The project, lf approved, will be jointly operated by the
Orange County l{ater District and Intine.- Ranch Water
District. This project will punp tiichloroethylene
containing water at a rate of 700 gal'l.ons per nLnute to the
existing Inrine 'Ranch Water District reclained water
distribution systeu and be used for irrigating agricultural
lands and greenbelt areas. Every day between hours 9 Pll and
6 }l.t the punped out water will be uixed with reclained IRWD
water and used for drip and sprinkler irrigation.

IRI{D has eval.uated five operation scenarios to detetmine
ttre potential flow, distr-j.bution and dilution of pumped
trichloroethylene contaminated groundwater. The five
scenarios are based upon historical diurnal and seasonal
water consurnption deninds of the entire supply systeu in
the region (IRWD, 1989). The five scenarios include naxinum
dayr/peltc hour, average dayr/peak hour, avera-ge dayr/ulnLnrun
hour, ninirnurn day/pealc hour, rnininun dayr/ninLnun hour usage
patterns. During 

-ttre 
maxLmum day/peak hour tlnes, water

usage is approxirnately 9 tines greater than usage rates in
the average day use scenario..

The operational plan calls for trichloroethylene
contaninated water to flow north to the Rattlesnake
Resenroir durinE non-lrrigation hours of 6 A}! t'o 9 PM and
to flow south during the irrigation period (9 Pt't tg 5 A!ll) .
The trichloroethylene water entering the proposed systen
at Jeffery Road ana lnrine Center Drive will be irurediately
nixed witl water coning down fron the Rattlesnake Reser:rtoir
and other sources. This rnixed water will then be
dLstributed to the irrigation systeur as indicated in Figure
2.3. The Inrine Ranch Water District estinates the nixed
water will contain I ppb of trichloroethylene.

a
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To be conservative this risk assessment assumes that
irrigation of agricultural f ields and greenbelt areaE.wil l
be af the naxinruo day/peak hour flow rates. (section'3.11 .
For puzposes of this risk assessnent the exposure nodels
are based on the assumption that local water denand on the
pr:nped out water will be the greatest and sprayed over the
smallest area (approxinately zOs acres). This water use
scenario predicts the highest concentratLons of al.rborne
trichloroethylene since the largest guantity is being

.. applied to the snaLlest area of land.

2.9 tlorj,cology of 'lfricbloroetbylene

2 .3.1 Pbanaacolrlaeticg .aad ltetaboUsu

The pharroacolcinetics and
have been studied in
is well absorbed by
dermal adsorption appears to be poor (EPA I985f) .
Erlchloroethylene is extensiveLy metabolized to
t r i ch lo roe thano l ,  t r l ch lo roe thano l  g lucuron ide ,
trichl.oroacetic acid and other ni.nor netabolites in both
hunans and animals (Powell, 1945) r

Hunan netabolisn occurs principally in the liver but
e:<trahepatic uetabolism has been described in the kldney
and lungs. Metabolism has been reported to be saturated
with hith levels of oqrosure. The biolbgical half life of
trichloroethylene has been reported to be between 1.75 to
2.25 hours in blood, however etirnination fron the fat is
longer. In humans the naJority of an absorbed dose is
excreted in the urine, however a sna1l amount is exhaled
through the lungs. (Stot t  et  a l . ,  L982).

2.3.2 To:j.cologlcal lspects i,n t{an aad Aaiuals

2.3.2.L Central Nervous syste!

Inhalation studies Ln hunans reveal that trichloroethylene
produces central nentous systen effects characterized by
narcosis (Norniyana and Noniyana, L977) . Trichloroethylene
was used in the past as an anesthetic gas. Case reports
have revealed that short term high leveL exposures have
produced central nelr/ous slmptons including dJ'zziness'
headaches, confusion, and at very high levels
unconsciousness (!PA, 1985f). AnimaL inhaLation studies
have also revealed behavioral changes and other central
nelr/ous systen ef fects.
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Ipng tern or chronic exposure has been associated with
central nervous slmptons including nenory loss, vertigb and
otber synptons (Grand Jean et 81, 1955). However, the
absence of adequate exposure data in published studl.es
uakes the interpretation of any dose-response relationship
difficult. Other effects attributed to long tera exposure
include trigeninal neuralgia, deereased appetite and sleep
disturbances. Although behavioral effeets and fuopalred
psychonotor perfornance have been reported at, exposure
levels of 2OO ppn and greater in both experJ.mentally
erqlosed humans and in sone epideniological studies, there
is no data to suggest that inpairment of the central
nervous systen would occur fron chronic low level e>posures
(EPA, 1985f)  .

2  . 3 . 2 . 2  E e p a t i c

trl,chloroethylene has been reported to produce hepatic or
liver injury in man and aninals. Although case reports
have linked acute occupatlonal exposures with hepatic
inJuryr Do quantitative exposure data is available, from
these case reports. Trichloroethylene was not obserrred to
induce Iiver tnjury in 250 neurosurgical patients
undergoing prolonged anesthesia with triehloroethylene
(Er i t ta in ,  1948) .

Acute and interruediate duration inhalation exposures i.n
animals have produced sone evidence of liver injury.
Hepatic effects that have been observed include an lncrease
in Liver weight. However in nany of these studies liver
histology was not exauined. One study involving several
mice strains exposed to trichloroethylene for 30 days at
150 ppn biochenical indices of possible llver danage and
aLso sone histopathological changes were obsernred
(KJellstrand et al, 1983). l.tale mice appear to be the most
sensitive species. Tbere was no evidense of any hepatic
inJury with low level trlchloroethylene exposures.

2 . 3 . 2 . 3  K l d a e y

There is little evidence that trichloroethylene induces
renal or kidney disease in hunans. There have been some
case reports linking trichloroethylene e)rposure and renal
inJury after high level occupational exposures or
intentional exposures (EPA, X985f) . No gtrantitative data
describing the extent of exposures sras presented in these
case reports.

2-8



AnLuat studies have demonEtrated that inhaLation and oral
exposures have produced renal damage (Noniyanl; et
al.r9g6r. Renal toxic effects that have been reported
lnclude kidney enlargenent with acute and intemedlate
duration inhaLation and oral feeding exposures in rodents.
Chronic oral and inhalation exposures have produced
histological changes conpatible with renal tubular injury
or toxic nephropathy ln nice and rats. In rodents, renal
effeets occu:r less freguently than hepatic changes and
tlrere is llttle inforaation regarding the uechanisn of
inJury. A chronic inhalatlon study of nice exposed to 100
ppu lras reported as not demonstrating any adverse renal
effects i holrever there iras a decrease in overall surrival
at this dose. (KJellstrand et al 1981). There is no
evidence tlrat low level trichloroethylene exposures would
produee any adverse renal effects.'

2.3.2.1.  Eeuatological  SYsteu

There is no evidence that trlchloroethylene has induced
hematological abnomalities in exposed huroans (EPA, 1985f) .
Aninal er<posure studies have revealed several. hematological
changes includlng a reduetion of amino Lenrlinic acid
dehydratase activity in rat liver and bone marrow cells as
rrell as dose related chanEes in heuroglobin, reticulocyte
count, hematocrit, and leulcocyte counts. The significance
of these findings is unclear to human exposures since there
ls no evidence of hernatological abnormalities 5.n etqlosed
hunans. 

'

2.9.2.5. Irnnuaologl.eal gysten

AlthouEh Little data is available concerninE the
iununotoxic potential of trichloroethylene, like other
chlorinated hydrqcarbons it has been reported to produce
evidence suggestive of innune depression in rodents. Rats
orposed to 800 ppn for LZ weeks were reported to have
increased thlnuus weights but such changes tfere not seen in
rats o<posed to 50 and 200ppn (Noniyana et a1., 1986).
MaIe and fernale CD-I mice adninistered trichloroethylene
in drinking water for four to six nonths showed
abnormalit ies in ironune function (Sanders et al., 1982).
Hunoral and cell nediated responses to sheep erythrocytes,
and bone Darrolt stem cells were reported to have been
depressed. Sone of tlrese innunological changes have been
obsenred at doses of 17 to 19 mg/kg/day. Bone narrow stern
ceII colonization has been reported to be an' early
indicator of inmune inJury. The lowest dose producing any
dLsturbance of bone narrow sten cell colonization was 18
ng/kg/day in cD-f niee exposed to trichloroethylene
containing water for four to six months.
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2.3,2. t6.  ReproductLve TorLci ty 

, . . .
Reproductive toxicity refers to adverse effects of, the
reproductive systeu. lhis type of toxiclty can occur as
a Lesult of danage to the reproductive organs or to the
endocrine glands involved in the reprod,uctive cycle.
ltanifestations of this trce of toxicity can be varied and
include alterations in senral behavior, fertility and
pregnancY outcone.

A revlew of the literature reveals that there have been no
studies that have thoroughly evaluated the reproductive
effects of trichloroethylbne e:rposure in humans. Aninal
studies have reveal.ed an effect on spern rnorphology but no
evl-dence of inpaired spern function. A slqnif icantevidence of. inpaired spern function. A slgnificant
increase in rnor?hological abnormallties was reported in
uice e:ryosed to irooo-ppt, four hours datly f,or S-days ({PA
L985f). This data provldes suggestive evidence that high
concentration of trichloroethylene can cause danaEe of the
spemotoeytes.

Studies involving ehronic oral feeding have demonstrated
decreased testicular and epididlaal weights in rodents with
chronic dietary exltosures of trichloroethylene exceeding
0.15* of the diet by weight. At 0.06* no effects on the
reproductive system including histology, fertilization or
otfier reproductive perfornance parameters ttere obserrred in
male or feual.e rats (MP, 1982) . Mating behavlor is
effected at doses of 11000 ng/RE/day but these Day be
related to the narcotic properties of trichloroethylene and
not to any effect on the reproductive system.

2.9.2.?. Devel,o;lt leatal forlclty

Developnental toxicity refers to an adverse effects of a
chernicil on a developing organisn that 'results frorn
exposure prior to conclption, prenatally and postnatally
to the t]ne of sernral- naturfty. Developnental toxlc
effects include several distinct types of toxic effects
ineluding ernbryotoxicity, fetotoxicity and teratogenicity.
Ehbryotoxicity and fetotoxicity_ refer to toxic effects on
the ietus as { result of prenatil exposure to the chemical.

distinguished by what stage of developnent a
exerts its action. Teratogenicity refers to a

developing
defect.

ability to produce a structural danage to a
fetus 

-or 
whit is cornnonly regarded as a' birth

2 - 1 0
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There is inconclusive evl.dence that trichloroethltlene
produces developnental toxic effects in humans. One,Study
reported an increase of niscarriages in hurses e{posed to
trichloroethylene and other anesthetics in operating roons
(Corbett et al., 1974). However, since the nurses in this
study were exposed to other anesthetics and possibly other
chenicals, it is not possible to causally link
trichloroethylene to any of the reported abnornalLties.
Lagakos (1986) reported a statistical association between
tlre ingestion of well water contaminated witlr chlorinated
hydrocirbons including trichloroethylene and eye, ear and
central nelvous systerl congenital anomalies. Well water
pollutants repozted in this study, incfuded,
trlchloroethylene at concentrations of 0.61 ppb,
tetrachloroethylene at 21 ppb and 32 other hydrocarbons at
varl.ous other concentrations. The. significance of .this
data is unclear since the health suri\teys usbd by Lagakos
to collect birth defects'data nere biasea and his grouping
of diagnoses. has been considered to be neaningless
(MacMahon, 1986). Therefore any reported associatLon
between ingestion of well water contaminated with several
chlorinated hydrocarbons including trichloroethylene and
the aforenentioned birth def,ects could be due to chance
alone.

Inhalation studies provide some evidence that
trLchLoroethylene is. fetotoxic but not teratogenls.
Reported effects consistent with delayed developnent
obserrred in Wistar rats exposed to 130 ppn on day I to 2L
gestation include, decreased fetal weights but no anonalies.
(Healy et al., 1982). However, in this study there ltas no
deternination as to whether .the doses that produced
fetotoxic effects also produced naternal toxicity. Other
inhalation studies in uice and rats have not demonstrated
any evidence of developnental toxicity at levels that do
not adversely affect naternal well being. Theses studies
provide evidence that trichloroethylene Ls not toxic to the
fetus at doses that do not eause naternal toxicity (EPA,
1 9 8 5 f ) .  .

The absence of any developnental toxic effects at doses
that are not naternally toxic is'significant since many
teratologist believe that any chenical adninistered at some
dose or route of exposure can cause sone disturbance in
enbryonic developrnent in sone species (Karnofsky, 1965).
For a chenicaL to be consLdered a developnental toxicant
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it should produce disturbances in enbryonic developurent at
exposure levels that do not produce toxicity in the nother.
Therefore if a cheuical disturbs enbryonic developnent at
a dose that produces maternal toxicity it does not indicate
that the chenical produces selective or unique
developuental toxic effectso

There is no data to prove that trichloroethylene ls a
teratogen. A single inhalatLon study involving rats
e;posed to 500 ppn demonstrated a statistically
insignificant increase in a rare anonaly, externaL
hydrocephalus (Beli les et al., 1980). EPA has evaluated
tLts study and detemined that the obsenred exterrnal
hydrocephalus rrwas not dose dependent and the significance
oi this finding coul.d not' be assessed fron this studyrr
(EPA, 1985a)

2.3.3.  Carcinogenlai tY

There is insufficient human epldeniotogical data to
ascertain tf trichloroethylene is carcinogenic in
chronically exposed humans. Three studies of workers
exposed to trichloroethyl,ene at concentrations greater than
woula be anticipated from environmental, exposures did not
derqonstrate any measurable excess cancer risk. (Axelson et
a l . ,  L 9 7 8 t  T o l a  e t  a l . ,  1 9 8 0 t  l l a l e k  e t  a l ' ,  L 9 7 9 ;  S h i n d e l !
and Urlich, 1985). However, since these studies had.several
linitations including small sample sizes, and lack of
analysis by tumor site they do not prove that
trichloroethyJ.ene is not a hurnan carcinogen (AxeJ.son et
a l . ,  1 9 7 8 ) .

Trichloroethylene has been found to be carcinogenic in
rodents (NCI,  L976t NTP 1982, 1986).  Chronlc inhalat ion
of trichloroethylene has. produced an increased incidence
of, lung ttrmors in nlce (Fukuda et a1., 1983) ' as well as
testicular Leydig cell tumors in rats (Mal.toni et aI,
1986). Chronic feeding studies have produced an increased
incidence of hepatocellular careinomas in nice and a
rnarginal increase lncidence of renal adenocarcinoroas in
rats (NTP L982, 1986).

Bhe EPA Carcinogen Assessment Group has cLassified
trl.chloroethylene Ls a Group 82 - probable hurnan carcinogen
(EPA, 1985f). the International Agenc-y for Research on
iancer (IARC) classifies trichloroethylene ?s. a Group 3
Chenical - n6t cl.assifiable as to carcinogenicity ln

2 - t 2 ,
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' hurnans. At the tl.ne of the IARC evaluation in 1982 the

available aninal toxicological data was liuited anb the
Maltoni and Fukrrda data had not yet been published. The
cance-r slope factor for trichloroethylene lnhalation ig 1;3
x-fo--a (rng 

-dose/Rg/d,ay)., 
and the unii r isk is L.3 x 10'6 per

uE/rlt (EPA, 1985f). This cancer potency slope factor is
derived fron the chronic feeding studies data (NIP, 1982).

EPA has proposed lowering the cancer potency factor for
trichloroethylene in light of new lung tumor incidence data
fron the inhalation e)il)osure studl.gs (Maldoni et al. r.1986,
Frrkeda et, al., 1993) to L] x lro' '  (ng dose/kg/day)' '  with
a new unit risk 1.7 x 10 

'o 
ug/n'

2.3.l SutnnatT of 'lfrlcbloroethylene Eoxtclty

The pharnacoklnetics, netabolisn and - toxicity , of
tricbl-oroethylene have been studied in Dan and aninals.
Briehloroethylene is well absorbed foll.owing inhalation'and
oral ingestion.

Erridence fron aninal toxicity .studies, experirnental hurnan
exltosure studies and clinical data from exlrosed persons
suggests that for effects other than carcinogenicity trlong-
tern e>rposure of hunans to environmental (anbient) J.evels
of trichloroethylene is not likely to represent a health

. concemrr (EPA, fgasf ) .

Occupational exposure to very high levels of aLrborne
trichloroethylene has produced central nervous systeus
ef,fects but little or no evidenced danage to other organs
lncluding the liver otr kidneys. Trichloroethylene was
prevJ.ously used as an anesthetic gas. Chronic lnhalation
lnd oral exposure studies have denonstrated adverse hepatic
and renal effects in rodents.

Trichloroethylene should be considered to be a probable
hunan carcinogen. lrichloroethylene has been reported to
cause cancer in mice, in both sexes, at two sites, by two
routes of adrninistratLon ln f,our separate e:cperinents.
Although epideniological studies of occupatJ.onally- exposed
workeri db not show an increaEed cancer risks frorn
exposures, these studles have linitations and cannot be
used to detract fron the evidenee of careinogenicity in
rodent.

Avallable studies do not provide any evidenci that
trichloroethylene is toxic to the fetus at levels below
maternally toxic doses and maternal toxicity would not be
expected fron typical environnental exposures.
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Developmental toxic effects including t,eratogenicity
provide data to suggest that the conceptus is not unigrrely
susceptible and traninal studl.es suggest, that at low aublent
levels that do not cause naternal toxicity
trichloroethylene would not pose a significant hazard to
a developing conceptusn (EPA, 1985).

2.1 Eaviroauaatal Fate aad TranePort ol llCE

Trichloroethylene is known to be ubiquitous in the
environment. Trichloroethylene has been detected in
dr inking water (EPA, 1975arb,c) ,  in nar ine water,  in rain
water, food, human tissues (Pearson and Mcconnell 1975i
l lcConnell et al., L975'), in the atuosphere (Pearson and
McConnel l  1,9?5; McConnel l  et  a l . ,  L975; Singh et  aI . ,
L978), and in narine organisms (Pearson and McConnell,
1 9 7 5 )  .

Humans are environmentally orposed to trichloroethyJ,ene by
inhaling outdoor air. contauinated with trichloroethylene
or ingestlng contaninated groundwater. Trichloroethylene
released into the environnent has many sources including
emissions from plants nanufacturing paints and coatings,
incineration of nunicipal waste and from waste disposal.
Products containing trl,chloroethylene can lnclude
tlpewriter correct,ion fluids, paint remover, paints, and
other solvents.

2.1.1 Factors Attec! tbe Fate aad llraasport of a Chenical

The nobility or the fate and transport of a chemical in
the environnent is dependent upon its physical. and chenical
properties. The naJor physical and chemical parameters
iftlcting a chenicalis enliionnental fate and transport are
described below.

f,ater golublltty is the naxinum concentration of a chenical
that dissolves in pure water at a specific tenperature and
pH. It ls a critical property affecting environnental fate
lnd transport. Chenicals wlth high water solubility will
tend to dissolve in water and be transported from soil to
groundwater or surface water rather than renaining in soil.

vapor Pressutc ls a neasure of the volatility o.f a chenical
in- its pure state and ls an inportant deterninant of the
rate of volat,i l ization. Values of this paraneter, in units
of nn Hg, are given for a ternperature rlnge of 20 to 3ooc.
Constituents with a high vapor Pressure are nore likely to
nigrate from soils ind be transported into air vLa
eviporation. Also they are Bore l lkely to volati l ize'fron
groundwater and nigrate through soil into anbient air.

2-14
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the following eguation:

,"lHp"il,gxl
in assessing
Constapt (H)

H (atn-n3,zrnole) -
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t
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orgaaic Carbon Partitl,on Coeff,icieut (X*) is a measure
of-the tendency for an organic chemical-to be adsorbed
to soil and sedLment and is e)qtressed as3

Ko. = urcl che{rlcEl qdsP,rbeg,./kq= p=r,qanic parbgn ln matrix
ng cbenicat diseolvedr/I.lter of sol'ution .

The K* is chernical specific and is farileiy independent
of soil properties. The hiEher the Koc value the more
adsorbabLe the coupound. The Ko" generally decreases with
syunetry and polarity of tbe compound.

octaaol-Tater Partl,tj.on Coefflclent (x*) is defined as
the ratio of a chemicalrs concentratiori in the octanol
phase to its concentration in the aqueous phase of a two-
phase octanol-water systen. Kil is a measure of how a
chenical is distrlbuted at eqrilibriurn between octanol
and water. K* is an inportant parameter and is often
uEed in the 

--assessment 
of environnental fate and

transport of organic chemicals.

Htgh K-. values are generally lndicatlve of a chenicalts
ability to accurnulate in fatty tissues and therefore
bioaccuroulate in the food chain. The Kn also .helps to
characterize a chenl,cal!s novenent fron an organic natrix
to water. Additionally, K* J.s a key variable used in the
estimation of skin perueability. The Ko, generally
decreases with slnunetry and polarity of the- compound.

Bloconceatratl,oa Factor (BCF) as used in this rlsk
assessnent is a neasure of the tendency for a chenical
in water to accunulate ln fish tissue. The concentration
of a elrenical in the edible portion of fish tissue can
be estinated by. rnultiplying the concentration of the
chenical in surface water by the fish bioconcentration
factor for that chenical. This paraneter ls therefore
an inportant deternrinant for human lntakes vta the
aquatic food ingestion route. This is also inportant for
oiher fish eating species, such as, larger fish, birds,
and larger carnivorous nanmals.

water solubility (

I
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solubil ity in 1100 ng/L
water at  20'C

Log octanol/water 2.29
partition
coefficient

Speci f ic  Gravi ty L.4642

(Pearson and McConnell
xeTs)

(Pearson and McCornell
1s7s )

(Leo e t  a I .  1971)

at  20C

Vapor Pressure
a t  2 0 ' C

Vapor Density

Henryr s Iaw
constapt
(atrn-rn7uol)

Koc (nl/g)

Fish BCF (I /ke) 10.6

2.1.3 Probable Fats ot
Eavl,roulsat

llrlcbloroetbyloae' la

Trichloroethylene contarninated E:ioundwater which is used
for irrigation and nay undergo a variety of chenical and
physical reactions. This seetion describes the probable
mechanisns affecting the f,ate of trichloroethylene in the
enviroruoent.

Molecular weight

Melting point

Boiling point at
at 760 torr

Vapor pressure
a t  2 0 ' C

131. .39  g /no le

- 7 3 ' C

8 7 ' C

57.9 torr

60un Hg

4 . 5 3

9 .  1  x  10 '3

L26

(I{east L977't

(Weast L977\

(Weast L977)

(EPA,  1986 f  )

( i pa ,  1986 f  )

(EPA,  1986 f  )

(EPA,  1986 f  )

(EPA,  L985 f  )

(EPA,  1986 f  )

,}1FP;lllilr
Cbenl,cal Ealt-LLvas are used as a neasure of, persistence,
or tbe length of tiue a chenical rvill remain in various
environmental media.

2.1.2 fbyslcal aad CbeuLcal PropertLes of trCE

the general physical and chenical properties of
trichloroethylene are cornplied below.

2-L6
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1. volat i l lzat ioa

Volatlle organics like trichloroethylene have been obienred
to vaporlzd readily frou water. lthe volatilization of
trichloroethylene fion water has been found to be strongly
d,ependent on its vaPor pressure and solubillty i,1t ̂ 1at9r,
although other facfors such as the nolecular diffusion
coeffi6ient wil l also infl,uence volati l ization (Dil l lng,
L977) .

Once"trichloroethylene enters the troposphere, hydronyl
rad,icaLs attaclc tfrL aoulle bond resultlng in the subsequent
iornation of dichloroacetyl chloride and phosgene .as the
pifncipaf lnitial producis. T.he- tropospheric ll'fetfune

iifre ior reductiori to l/2 of initial concentration) -of
d,if"nf o"oethylene based on its rate of reaction with
friaroxyf radicals is reported to be 3.7 dqy": _ (Dllting et
i ir. f-gef). Due to tha reactlvity of trichloroethylene

"fif, 
fryar6xyl radicals in the troposptlgfe, it is unLil<ely

that uireac€ed trichloroethyJ.ene will diffuse upward to the
stratosphere. The photooxid_ation p_roducts of
tricfrloioethylene are readily hydrolyzed (Dilling et a}',
1 9 8 1 )  .

2. Photolvsl,s ald Photoridatiou

Based on the avallable literature, it does not appear that
direct photodissoclation of, carbon-carbon or carbon-
chlorine-bonds contributes to the fate of trichloroethylene
itr-*t. aguatlc or the atuosptrerig enlironment. Thl,s is a
iesult of ttre relativefy rapia volatilization frou aquatic
sisiln= and the rapid iate- of, hydrolryl radical attack in
the troposphere (EPA' 1985f).

Little inforrnation is available about the speciflc rate of
direct photolysis of trichloroethylene in the aqueous
envirorrnlnt under anbient conditions (Jensen and Rosenbert,
1979; Jaffe and orchin, 1952)

3. Oxldttlo!

Oxidation in the aquatic envLronment does not appear to be
i lig"ificint fate Process, altho-ugh there is evidence of
Jo""- oxidation of trichloroethylene in aqueous, closed
-ystens in the presence of sunlight (EP_+, . 1975c. )
iiarotysis, probabiy does not occur at a sufficient rate
t'o Ue in inpoitant Cite pathway for trichloroethylene (EPA,

{
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I
I
t
I
I

2-L7



I

I
l
I
I
T
l
b
t
!
t
t
t
I
I
I
I

,*1xp"f,,px
X975c). Tbere -is, however, sone evidence ,,that
trLchloroethylene ls netabolizgd by higher org6nLsus
leading to_chlorinated acetic acid producti (EpA, iszsc;.
Cblorinated acetic acids, in turn, have been shown to ie
susceptibre to degradation by rnicroorganisms in seawater
(EPA,  1975c)  .

1. Eioaccuaulation

There is sone evLdence of bioaccumulation "of
trichloroethylene in narine organLsus but no evidence for
bionagnification in aquatJ.c f,ood chains. rn additionr Do
evidence \ras found of selective concentrations of,
trichloroethyLene in rnarine sediments, thus indicating that
adsorption uay not be an iuportant transport proc6ss (EpA,
l s 8 s f )

5 ' €ggPlrgg

several researchers have Lnvestigated the nechanlcs of
adsorptlon of trichroroethyrene in a soll (pearson and
McConnel l ,  1975i  McConnel l  et  a l . ,  L97Si Dt l1 ing,  et  aI . ,
1975). Once trichloroethylene is applied to the soil
uatrix, adsorltion has the effect of retarding the
transport of'trichloroetlrylene as it moves through the
soiL. Dil l ing et al (1975) found that the adsorption of
trichloroethyl,ene in soLr occurs prirnariry with the solid
organic natter pfesent in the porous mediun. At the soil
grain or soil an organic surfacer.. an irnnobile 1ayer of
water exists which the organic chenical 

- 
Iike

trlchloroethylene nust diffuse through before adsorption
can occur. Llkewl.se; the lnrnobile region nust alio be
croised for desorption to take plice (pearson and
McConnell, 1975)

It is -generally agreed that the amount of trichloroethylene
that is absor5ed 

-to 
the sol.l roatrLx is to be proportional

to the trichloroethylene concentration Ln the batbr phase.
The greater tbe concentration in-the water phase the
greater the trichloroethylene concentration on the solid
phase or - mass absorbed. ff the trichloroethylene
coneentration in the sater decreases, the desorption of
trichloroethylene nay 

.occur 
(McConneII et aI., 1975)

6. Eiotraasfotration and Blodegragatl,on

There is linited and in part conflicting information on the
nicrobial biodegradation of conpounds such as
triihloroethylene. Most -researchers report that low
ndlecuLar weight chloroaliphatics are not metabolized
(Pearson and McConnel l  L975i  MeConnel l  et  a l . ,  1975).  fn

2 - 1 8



Eanna:.s, !.he tretaboric pathways of trichloroethyrene. lead
to chlorinated acetic acids, either directl-y oi via
chloroethanors. chlorinated acetic acids havd all been
shown to . be :usceptibre to further degradation by
qicroorganisus ln seawater (pearson and Mcc5nnerl l9?5i:
Mcconnell - et. al., (192s) concluded that the sinpie
cbl,oqoariphatic c_oupor.rnds. are not_ particularry persisteia,
and that ttrel_r. degradation products are sin$re speciei
eoumonly found in the environment.

7. Fate aad lraasport Data guunarw

Table 2.1 suumarLz.es the aguatic f,ate informat,ion dLscussed
above. The oxidation rate presented is a photooxidation
rate and refers to the rate of reaction of,
trichloroethylene with hydro:ryl. radicals -. in the

Due to the relatively' high vapor .pressure of
trlchloroethylener. volitllizatlon fron-the aguatlc systeh
to tlre atuos_gheqe is qulte rapid. once in the tropospirere,
hylroxyr rad,lcals attack the double bond, resultihg in thi
subsequent foruation of dichroroacetyl chrori-de and
phosgene qs the princlpal products. The tropospherLc
llfetlne of, trichloroethylene-pased on lts rate ofreiction

with hydroxyl radicats is reported to be 3.7 x 105 seconds"
corresponding to a lifet,ine of approxiroately a days. Due
to tlre relativefy high reactlvity of trichloroethyftne with
hydrorryl _radicals in the troposphere, it is unrlkely that
unreacted trichloroetlryl.ene will reach the stratosphere.

2.5 ltlcbloroetbylaue Tater aad aLr guarlty'standard,s otr
RccoEEaldatl,oag

Table 2.2 describes both FederaL and state of californla
water and alr Erallty standards.for trichtoroethylene.

T
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tttc 2.1

srDrt of l4.rtlc frtc of lrlctrlorocthylcr:

Envlrornent.l

Proccgr
{

Photolyclr

Srrnary

St.tc|rcnt

Prob$ly docs frt occurrlrrr ptroto-

oxldat lon dcrtroyr trlchlorocthylcnc

bcforc lt crn rcrch thc rtrttorphcr.,

rlrlch lr thc rcglon rbovc thc ormc

leyar drcrc dlrcct photolyelr could

occur.

l!'lt

. llctf-Llfc Csrfldcncc

(tt /?) pt D!t!

llldl

lortd.t to.f Photoorldetloo In thr tropotphrrc

Wrru to_bc th. prcdelnmt trtc
of thlr coporrdt photooxldrtlon

In thc lqratlc. rnvlrorunt occurr

et r rlol f.tci dlr.Gt orldrtlsr

.t rdlcnt cordltlqrr docr mt

occw In thG rcprtlc or rtmt-
phcrlc crwlrorurnt.

llydrolyslt Probabty occum too rlolty to bc I

rlgnlf lcent frtc procctt.
0.(b5 rnthr-lc

Volatlllrrtlon lhc prlnary trunrport pro€Grs.

Probabty mt frport$t

3rl0l2 -5r*'t -+ Ly.b Itch

lo.7 mnthr illlh

-20 rlrutJ illeh

Sorptfon llcdlm

i

-

s;m
iY.- -
n. - .1
- 

llt-\-./
fir(

I. I I I I I I I I I I I
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Slorccr.mltctlon lhcrc lr cvl&Lr of cdE

bloecenrlatf on by rarlnc

orgcnltr, but tharu lt

m cvldcncc ol blmagnl:

llcatfm r+ thr food chrln-
r l

Slotmnef ornat lon/Ihcrc lr cvldcrra thrt Ftftot lc

Slodcgradatlon of trlchtoro.thytcnc frohlghcr

oreenfree crn bc blodrgradcd by

lcroorgrnlrno In rcr mtcr.

I

lcdltn

llcdftl

I I I I I

.. lhc prcdoelnant crwlronnntrl proccr3 rtrlch lr thoutftt to dctcrrlru thc fatc of thG ccrtpotrtd.

b. ncportcd rr e lllctlm of 'l.Zrtol tccondr, correrpurdlng to r llfrtlm of about { dcyr.

c.. llydrotytlr rrtc lr probabty r rerlan mtc.

d. llrtf'llver ra m tic ordcr ol rvcrll rlntGt to r fcr dr1a, dcpcndlne .on thl dcgrcr of rgltrtlon, thc vrlq

PrctcntGd rar dctcmlncd udar cqdltlsrr ol cqrtlnpur xchrnlcrl stlfrlne rt 2tXl ip.
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tabtc 2.2 Apgticabtc lir rrd ultar orrelltY Stordtrds for lriehtococthYtcnc

Cetlfornlr Sttt? ApPtic'd lction Lrwtl
(}|.tcr)

Catifornir Stl tG AFFIlGd Actinr Lcvct
( . i  r )

EPA Sr,rOgcgtcd llo'Advcrcc'R*potrl" to'tta
t$AnL)

EPA Oru-ln'! 'nlttton C'ncGr nlsf 13"t3
(t..ter)

EPA Onc'in'a'ri l l tm crtlr Rirk tarct3

?.0 t 9/t

I
I

7.0

75.0

3 . 0

0.8

5 . 0

45.0

2 .0

rrg.ln3

TE/L

rrg/n5

ae/L

frtlt

I
I
I
I

I
I
I
I
I
I
I

( r l f )

HexlEn Cmtaitun' Lcvrt (llCL)
for Drinling Urtcri

tlblrnt ultcr ou.tlty Critcrir (lFc)

io ptot".t Frcchlltcr Aq'ltic Llfc'
Acut. ToxicitY

Aslricnt uttcr ourtlty Critcrie (tf,lC)

iiitot..t s.ttt.tre Aqratic Llfc'
Ac|Jtc TorlcitY

r e r o e i r r r r r r r

i;;i;;-;;.;* r..r.t is dcvctopcd for thc protcctian ot hr.sr hcrrrh rnd rctfrc (Dec'

ar**t. is aetrbtishcd for rrrcr $,rrtiry objacrln for th. Prot*tion of hum r'fcptor3'

3s*rr. of drtr: tnt€r.tcd-Rlrk lnfocntlfi s)'tt'r' tlsEPA'

aiott" llcltth ni6k evrturilfi Drt'br3c (PHRED)' EPA' 1986'
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receptor

lfbe potential risk associated with each ${tosure
patbway ls discussed.ln Chapter 4.

3, 1, I Erltosure Scrnarl.o

As stated ln sectLon 2.2, to lllustrate the naxlnrn
potentlat risks associated wlth exposure to proJect
related trlc[Loroethylene en-issions r tvo conser:rrative
$(posure .assumptions are used.

" '' The worst cass $(posure scenario assumes irrigation
trtth undlluted trlchloroethylene contarainatad sater
year ronnd, at uaxluuru day/peak hour denand flow rates
tfrat .would only be antlClpated to be-present durlngl
the surner nonths (1.e. the greatest .denand of, water
supply), . lOOt evaporation of, lrrlgatlon - trater
contai.ning trichloroethylene, and no degradation.

r These are consenrative estinates because they assune
no dilution of contaralnated vater ln'the lrrlgation
systen.

o Deoonstration of a

o Demonstratlon. of a

q Denonstratlon of a

o DernonstratLon of

cheraical release source

transport nedlun

receptor

route(s) of exposura for

I
I
I
I

ruHll:l,yil

3.1 Erpocute PatLuaY

The rl.sk aasesstrent process Lncludes an evaluatlon of,
all known and/or potentlal e)cposure patbrays
associated uith potential receptors. This Chapter
provides a quantitative assessment of the eliposure
patbways by wbich hunan receptors nay cotre into
contact with trichLoroethylene eaissions fron the
proposed project. For human receptors, potential
pathways of exposure are defined. The significance
of each patbway ls assessed. This chapter also
describes the assuuptions, roodels and methods tbat are
used to determine trichloroethylene concentrations at
the receptor Points.

fn order to establish an e)iposure pathway, f,our
elenents are requlred to be present:

J - l
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Persons potentlally enposed to trichloroetbylene
contaminated Eroundwater lnclude on-site workerl and
nearby coununity resLdents. Workers ar€ assuned to
be exposed 8 hours a day, 5 days a week f,or 40 years.
Nearby conrnunity resldents are assuned to be exposed
24 hours daily for 70 Years.

Tbe plausible exposure scenarj.o provides a Bore
realistic and still conserr/ative estinate of trisk.
This scenario assuues year round irrigatlon with
trichloroethylene contaminat,ed water tbat has been
mi,xed sith IRWD sater. This nodel also assunes ttrat
water rrill be applled year round at naxinuro day/peal<
bour denands nonnally only obsenred in sunmer rnontbs.
The same conselnratlve assr:rnptions regarding duration
of'e:qlosure for on-site and conmunity residents are
used as in tbe woret erqlosure scenarlo.

Botb tbe plausible and worst case e)cposure scenarlos
provlde a- conselivatlve estiuate of itre actual range
of possi.bl,e e:qposures,

3.2 Recrptor DrlLaLtLoa

lfbe receptor(e) def,l.nes tlre populatlon at rLsk of
potentlal exposure f,rom proJect related
trlcbloroethylene emissiong. The receptor(s) are
detLned after analyzing the following factors:

o ldentllicatlon of potentially exposed
populatlons i

o Characterlzation of populatiorist and

o Analyses of populatLon actlviifes.

Ths tirst step requLres couparing data on dLstrl"butlon
and potential nobillty of trichloroethylene
contanLnated groundnater wlth populatlon data ln order
to ldentlty and enuuerate the potentially exposed
huilan populat,lon. Populatlon characterlzatlon
Lnvolves ldentlflting those groups within the elqlosed
population nhlclr- nay elqlert ence a Ereater rlsk than
the average populatlon such as infants, the elderly,
and wonen of ehild-bearing a!te.
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3.3 Eurla! BocsPtor

The agricultural field trhere ttre contaninated
groundnater rr111 be used and nearby residentlal and
industrlal areas superirnposed by L/4 nile and L/2 uile
radii to 2 uile fron the site are described ln Figure
3.1. The proposed site is bordered by the Inrine
Center Drive to the northi Jeffrey Road to the east;
San Diego Freeway to the south; Orlver Blvd. ts the
u e s t  ( 8 i 9 .  3 . 1 ) .

In characterizing the current nearby buman receptor
populatlon, the ' following two assr:mptions htere
enployedr

o ltlre 1980 census data (Appendix A) witb an
anrrual populatt on grotrth rate of 2t ls
representatlve of the present population
characteristics and distribution in the study
area. The 2t annual rate of populatlon Errowth
was obtalned frou the Health Care Agency (HcA)
of Orange County. According to Hc.A, the County
bas experienced an annual growth rate of 2t in
populatlon growth slnce 1980 c€nstus surivey
(usDc,  1982,  1983) .

o census tracts whlch lnteisect radiaL zones
(fIE. 3.1) !.n porflons etere assLgned a percent
occupancy rritbin that zone. The total
populatlon in the partletlar census tract was
rnultlplted by the percent occupanqf witlrin the
radlal zonc to arrlve at an estinated
represintatlve populatlon ln the radial zone
(Tab1e '3 .1 )  .

Mter a tborough review of, site speclfic data,
{nfonatlon pertlnent to receptor def,lnition can be
sumarlhed as follows:

o No scbools were ldentlf,ied ln the 2.5 nile
. radlus enanatlng tron Jeffrey Road and fnrlne

Center Drl.ve. The Inrine Unifled School
Distriet indieated ttrat schools are not located
along the f,light patterns of, the Trrstln l{arine
Coqps Air Station and the El Toro ltarine Coris
Air Station 

' (IUSD, 1989). These two air
stations are located west and east of the outer
f,ringes of the 2.5 ul. le radius.
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Under present conditions, the potentlal worker
population is llnited to authorized personnel
worklnE at the site and surrounding- orchard.
fbe total nunber of workers Ls estiubted to be
less than 100 people.

The total current population in the one-quarter
uile zone is princlpally conprised of
occupational and residential populations. This.

- population ls estiroated to be 965 people. there
are no day-care centers, schools, hospitals or
elderly care centers in the area

Based on the 1980 census 'data, the maxiuum
eurrent residential population estirnated to
reslde vithtn a one-half nile radius of the
slte is 2218 (Table 3.1) . This estl,nated
population, based on the above census data, ls
errpected to be conprised of 126 children under
S'years and 43 adults ovetr 65 years (Tab1e
3 . 1 )  .

an estinated total residential population of
L2r9?4 ls currently located sithin one aile
dl.stance from the proposEd sLte.

o An estlDated total population of 22,A4Zi 36,?44
and 49r133 persons are currently located witbln
the  1 .5 ,  2 .0 ,  and 2 .5  n i le  rad la l  zone,
respectJ.vely.

o ltost bousing in the sLte viclnlty ls occupLed
f€Af-foEnd. I

o llhere is no consutrptlon of underlylng
groundwater {n the subJect area. All drinking
water ls provlded by the fnrine Ranch water
Distrlct nunlcipal water supply systen ttrat-'
derLves lts supply f,rou clean sources.
Tlrerefore, exposure froru contaninat6d drlnlcing
water u111 not be consl.dered ln thls
assessnent.
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Isoil. A total of ten soll sauples uere collected frou
ttre proposed project site area on May 15, 1989. SoiI
samples were analyzed f,or volatile organic
hydrocarbons accordlng to EPA nethod 8010 (Appendtx
B). Results indicated that after at least 5 years and
probably J.ongbr of eontinual irrlgation with
tricbloroethylene contaminated water from the TIC 35
and TIC 47 wells there tlas no resLdual
trichloroethylene detected ln the soils where this
water vas aplptiea. The detection linit was one part
per  b i l l i on  (Ppb) .

3.{.2 goil lnEestion aad Dernal Coutact Erposure Patbways

E:posure to trichloroethylene via ingestion of soil
(and dust) could potentially occur by inadvertent
consrrmption of soils f,ound on hands, tools. or other
obJects; f,ron nall btting or consumlttion of soll
itself . IngestJ,on ol abnotmally large amounts of sol.l,
a patbological condLtion known as pica can algo occur.
ar-ichloroetbylene enposure frou ingestion of or dermal
contact sitb on-slte soils by hr:man receptors ls not
ltkely, sJ.nce no residual trichloroethylene uas
detected tn surface solls presently undergoing
lrrlgation wlttr trlchloroethylene contauLnat'ed water
f,rou ffC 35 and TfC 47.

3. l, 3 €routdratar trrposurc Pathray

Ctrrrent uses of groundwater at tbe subJect site were
exanined to ascartaln tf, they presented a potential
health rlsk (Table 3.2). Presently, the underlylng
Errorrndwater ls used solely for irrigation anq l}ere
{s' no reported douestl.c bousehold use (drlnklngr'
bathing, ihowering, etc. ) . Thus, dl.rect contact with,
grourdwater for donestic use is not' likely and I's not
grrantlf,ied ln this exposure assessuent.

3.5 |lrLcbloroctbyleuc guissLoa nato Fron Irrlgatcd lfatrr

TrLchloroethylene erulsslon rates and rbceptor e:qtosure
polnt concentratl,ons ln the potentlal lnp-acted .areas
ire estinated accordlng to thC nethods outllned ln the
Califorrrla Site t{ittgation Decision Tree (DIIS' 1986}.
and EPA Superfund Exposure Assessnent Hanual (EPA,
1 9 8 6 f )  .
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Pararoeters and assunptlons used ln the ernission rate
calculatlons are presented in Tabte 3.3. The concept
of worst case and plausible efposu{e scenarios aie
used in lnhalation exposure pathuay analyses to
provide infomation on the quant,itative rlnge of
posslble exposu:re concentrations to on-site workers
and nearby conmunity residents.

The trlch.t'oroethylene contairunent proJect will
wltbdraw 7OO gallons of water per ninute from the
underlying aqulfer. The punped vater vill be connected
to tlre fRWD recLaiued water systern and be nixed with
clean -water from other sources for irrigation use. On
a daily basis, blended nater wil l be used for
Landscape (sprinkler) and agricultural (drip)
irrigation between 9 P!,t and 6 AIrt. The punped water
rill be stored ln the Rattl,esnake Resenrol.r during the
reualnLng hours (5 ADf to 9 Pll) (IR!{D,. 1989) .

IRI|D 'has estluated tbE naximuu trichloroettrylene
concentratlon under such conditlons nill not exceed
40 ppb by hydraulic nodeling using tlre proposed design
of the systen. Tbe naximun concentratLon of
trichloroetbyJ.ene Ln the nlxed'watar whlch will be
used for lrrlgatLon lrlLl be 8 ppb. (IRI{Dr 1989) .

UslnE tha assunptlon ln tbe worst case ex?osure
scenario, the dally auount of trichloroethylene
euitted lnto the nq'hient al,r f,ron plrnped out water can
be estiraated accordlng to the following equation:

E - H R X D X C F X 9
. Where '.

E r  enisslon.nass (g)
FR r puupout flotl rate (gallon/nln)
D r lrrlgatlon duratLon on a dally basts

(utn)
cF - converslon f,astor (3.?85L/gallon)

I 
ff";:*l.tlil, "t 

trichloroethvlene

Assuning no blending wlth reclained IRWD lrater and
1o0t volatilization of trichloroethylene -lnto the
anbient aJ.r, the aruount of . daily trichloroethyleng
enission can then be calculated.

3 - 1 0
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Tabte 3.4 Sr.c.ry of Prcdlctcd dr-rftr rrrd Off-rttr tfficl ntrt frrrrrt fCE Awruga Corr.ntr.tlql frrt./Jl
ttn&c tha tlo6t Cr|r E^Ipocura Sccnrrio
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Bell Gardens, Gardena, Rancho Donlnguez, yorba Linda,
and Xnr ine Park (Table 3.6).  The Cal i fornla Air
Resources Board (eeRB) also pe_rforros routLne sanpling
for volatlle hydrocarbons at El Monte, L,o[g Beaclr, Loi
Angeles, Rubidoux, and Upland (SCAQI.!D, 1989) .

Trichloroethylene air concent,rat,ions rneasured in the
agricultural f ieLd where irrigation water frou this
project wil l be used, revealed a trichloroethylene
levels that are higher than the annual average
concentrations reported by the South Coast Air Quality
ltanagement District throughout the basin. In addition,
the airborne trichloroethylene concentrations are
higber than the airborne levels
rneasured by tbe California Air Resources Board
measurements at the Inrine Regional Park. Moreover,
the airborne trichloroethylene concentrations detected
at a site distant fron the agricultural field are
hlgher than the averaEe coneentrations neasured at the
Irvine Regional Park.

Tbere are several reasons for the anbient
trichloroethylene air levels that rrere rneasured in
tbis study. First the field sauples are sbor:t teril
sarnples and tberefore uay not be indicative of average
or long -tera values. nlrthernorer rt ttre tlue of,
sanplLng , other posslble releases.' of airborne
trichloroethylene that, night have tenporarily
increased the bact<growrd concentration such, as off-
site industrlal releases could not be excluded. In
additlon, laborator? test variability eould have been
a contributlng factor. llowever, even though the
neasured levels 'are higher than average levels
reported by SCAQMD and California Air Resources Board
the ueasured levels dld not diff,er by Dore than an
order of, magmitude. The proJected increnental
tricbloroettrylene concentrations that vould be enitted

- by lrrlgated water would be several orders of
nagnitude less. '

the ueasured alrborne trlchloroethylene in tlre anblent
alr cannot be attributed solely to irrigatlon with
trichloroethylene contanlnated vater.f,ron TIC 35 and
TIC 47 wells. I{ater sauples collected at TIC-35 and
TIC 47 well heads at the tine of the air nonltoring
squdy contained 7 ppb trichloroethylene. The total
punplng rate of trichloroethylene containing water at
these two wells was 1,300 gallons per uinute during
the aLr rnonitoring period (ocl{D unpublished data} .

_ Using the worst case assunptions including conplete

3 - 1 6
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use of, punped water within the test.area (5OO m by
1000 D), 100t trichloroethylene evaporation from
applied water, and rapid uixing of the released
trichloroethylene up to 10 D height in the ayqbient
air, the arnount of trichloroethylene released from
irrigation water during t-b" lO-uinute air sanpling
period was 4.095 x 10-' gl. This arnount oi
trichloroethylene release would result ln a 1.53 x
1O') ppb increnental trichloroethylene concentration
to the exlstlng aLr 6ra11ty. The ueasured
trichloroethylene eoncentration' was more than five
orders of ruagnitude greater than the amount that could
be eontributed by TIC 35 and'TIC 47 wells.

The predicted incremental trichloroethylene
concentration fron the proposed. proJect, is.too low to
be distingruished from anbient background ueasurement.
Theref,ore, for the pur?ose of, this exposure
assessuent, f,ield nonitoring results have suEgested
that airborne trichl.oroethylene found in the air at
the proposed site area are attributable to the_
regional air guality issue. Future air nonitoring
tests wllL be performed in conjunction with this
project. Potential emissions of, trichloroethylene
f,rou irrigation water are insignificant or de ninitnun
when compared to baekEround trichloroethylene
concentra'tions. The health risks from such exposures
are assessed .in Chaptdr 4.

I
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l. t Rlsk Assegsnent l,letbodology

This chapter describes the potential risks associated
with the potential project related trichloroethyJ.ene
emissions utilizing the nethodology descrlbed in Secttons
4.1 4.3. Potential human health risks are described
f,or each exposure pathway identified in Chapter 3.

Table 3.2 describes the potential. inhalation exposure
pathway. Table 3.3 describes the assunptions used in lhe
caLculations of potentiat exposure leveLs for the worst
case and plausibJ-e scenarios for on-site workers and
residential populations. The potential human health
risl<s for nearby residents or on-site workers are
determined by comparing the eff,ective dose (in terms of
$qposure eoncentrations and duration) to approprj.ate
health cri leria. If the eff,ectlve dose of
trichloroethylene is below the pertinent toxicity level
(threshold in the case of non-cancer effects and
tracceptablerr in the case of cancer rislcs for
carcinogens), actual risk wilL be negligible

l. 1. 1 EvaluatLon Paraneters

Bwo different eval.uation parameters (carcinogenic and
non-carcinogenlc) are used to evaluate the risk frou
trichloroethylene exposures. The individual lifetine
increnental cancer risk is used f,or.carcinogenic ef,fects
and the Hazard Index f,or non-carcinogenic effects.

l. 1. 1. I CarciaogenLa Risll

EPA, in developing the cancer potency factors (CPFrs)
f,or carcinogens, has required that the linearized
nultistage non-threshold nodel using data that represents
the 95* upper confLdence linit be used to evaLuate
carcinogen dose-response relationships. The cancer
potency sJ.ope e:q)resses the probablJ.ity of a human

. developing.cancer fron daily 24 hour exposure over a 70-
year lif,etine. This guantification of, cancer potency is
expressed as L/ (ng/Rg/day) and is of,ten route-specifLc.
The inhalation and oral cancer-potency slope factor od
trLchloroethylene is 1.3 x 1O'4 ng/k:g/d and 1.I x 10-'
ng/Rg/d, respectively (EPA, 1989) .

Since a cancer risk is considered to be present if
exposure occurs at any level above zero (non-t'hreshold),
cancer risks are stated ln tenns of additional
(increnentaL) cancer risk attributed to the exposure front
the suspected carcinogen at the estiuated effective dose.

4 - 1
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For example, a 1 x 10'6 cancer risk would be equivalent
to one additional cancer case expected in an exposed
population of one nilLion as cornpared to the eancer
probabil ity of the sane size in an unexposed population.

| .1,1.2 No!-carcLnogenic nLsk

Current risk assessment, nethodology for non-carcinogens
is based on the derivatlon of a chenical expoEure Level
which is not anticipated to cause significant, adverse
effects from a lifetine of e:<posure. These values are
derived f,rom either human epideniological or animaL
toxlcity studLes. If no human epideniological. data is
available upon which a safe e4)osure level. 

'can 
be based,

conserntative assurnptions incorporating safety factorE are
used to extrapolate safe human exposure levels from
aninal study data.

Safe human exposure levels are expressed in several. ways
including naxinum exposure level (lmt), acceptable daily
intake (ADI) , acceptabl.e intake chronic (AIC) , reference
dose (Rf,D) or an appl ied act ion leve1 (AAL) (DHS, 1987).
The MELs, ADIs and RfDs are estimatds of long term daily
$lrposure of the general population to a substance which
would not produce any deleterious effects. Safety
factors are incorporated in the development of these
intake levels.

Since an inhalation RfD of trichloroethylene has not, been
developed by the EPA, for this risl< assessment an
acceptable intake chronic (AfC) or (ADI) was derived from
the air Applied Action Level established by Calif,ornia
Department of Health Services.

The ApBlied Action Level (air) for triehloroethylene is
7 uglm' (Table 2.2). That neans an adult receptor can
receive up to L40 nicrograns of trichloroethylene daily
without significant risk of developing long-ter"n noD-

.. celicinogenic effects. The daily alLowable level (AL) of
trichloroethylene f,or such receptor ls eguivalent to 2
ug/kq/d.

Characterizing risks f,rom non-carcinogenic eff,ects
invoLves conparing the expected etq)osure level (Et) to
the allowable level (At). The resultant ratio, 6l Hazard
Index (HI), is a nunerical indicator of the transition
between aeceptable and unacceptabLe exposure levels.
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The hazard index is a nurnerical indication of the degree
to which acceptable Levels are exeeeded,. As the hazard
index approaches unlty, coneern for the potential hazard
posed by the chenlcal increases. If the hazard index
exceeds unity, the public health concern is the same as
if an individual chenical exposure exceeded the
acceptabLe level by the sane proportion.

In using the hazard index system, it should be noted that
the U.S. EPA (EPA, 1986f) has enphasized that the hazard
index is not a uathematical prediction of incidence or
severity of effects. It is sinply a numerical, indicator
to help identify potential. e>rposure problems. Sinilarly,
in the developnent of alLowable daily intakes (ADIs) or
other acceptable standards (whieh are used in this study)
f,or Dor-cdrcinogenic effects of trichloroethylene, AAL
levels established by Calif,ornia DHS \dere used. .

4.2 Charactarization of Potential Rislc

The approach taken throughout this assessnent is very
consenrative and incLudes Dany health protective
assumptions that will likeJ.y overestimate actual risks
were used in the process. For example:

o On-site receptors are assumed to be exposed to
predicted concentrations f,or 8 hours/day, 5
days/week over an average J.ifetine of 40 years.

o Off-site receptors are assumed to be exposed to
predicted eoncentration for 24 hours daily for an
average lifetine of 70 Years.

o lOO* of the dissolved trichloroethyJ.ene in water is
assr:med to be enitted to the anbient air by
vaporization with no reduction factor taken into

. account.

o The risks quantified based on EPA cancer potency
f,actors are the 95t upper-bound estinate of risk.

The adoption of all these assunptions is designed to be
pnrdently consenrative so as to not underestirnate the
potential risk. Predieted risks can be assurned to be
irpper ' I in i t  eEt inates ( i .e.  the actual  r isks wi l l  be
lower than predicted).
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{.2.1 lrnbieat Air Exposule Patbway

The anbient air pathway was assessed using methods
descr ibed in Sect ions 3.5 and 3.6.  The ISCST Air
Pollution Dispersion t{odel was used to detemine the
increnental annual concentration for t,richloroethylene
both on-site and at the nearest resident,ial areas under
the worst sase scenario (Appendix C). Table 3.4
sumnarizes the predicted incremental annual average
trichloroethylene levels on-site and the surrounding
residentiaL area for the worst case exposure scenarlo.
The origin of this table (0 m, 0 n) is the proposed
Location of 'purnping station at the intersection of
Jeffrey Road and Inrine Center Drive. The predlcted
projected related increnented trichloroethylene
concentration in the southeastern quadrant of, the study
area is slightJ.y htgher than the rest of areas prinarily
due to the predoninant loca1 meteorological conditions
such as wind direction.

For the plausible elposure scenario estabLished in this
study, the only dif,ferent assumptions used (as compared
to the worst case scenario) ls the concentratj.on of
contaminant (Table 3 .3 ) . The resul,tant anbient
trichloroethylene concentration using assumptions in the
plausible exposure scenario is 202 of the predicted
increuented erryosure leveLs to the worst case scenario.

{.2.1.1 carcLlogenic Risf , lmbient l l .r

Cancer rist( is calculated by nuJ,tiplying chronic daily
chenical intake by the route speclfic cancer potency
slope of the chenical. The risks are predicted based on
conservative exposure and toxicoJ.ogical assuuptions.

Table 4.1 deseribes the potential cancer risks associat,ed
with the aubient trichloroethylene exposure pathway f,or

- boirh on-site and su'rrounding residentj.al areas ut,lli.zlng
the conservative worst case and the plausible exposure
scenarios.

The estimated increnental cancer risks associated with
on-site and off-slte hrrman exposures using the
consenrative assunption in both exposure scenarios are
at least seven ordir of nagnitude llss than the 1 x 10'6
probabil ity, a risk level conmonly accepted as an
insigni f icant eancer r isk (Table 4.1)

3;"':'x
:ii

{

I
I
I
I
I
t

I
I
I
I
t
I
I
I

4-4



t

I
t
I
I
I
I

t
I
I
I
I
I
I
I
I

,"1nP"#lg
1.2.L.2 .Non-Caacer Rl ,sk,  nubLeat ALr

Table 4.2 presents the Hazard Index for on-slte and off-
site receptors and includes the most plausible and worst
case exposure scenarios. Under both exposure scenarios,
the trichloroethylene released f,rom the proposed project
does not present an unacceptabLe Don-cancer risk to the
on-site workers and nearby residents. The predicted risks
are at least 8 orders of nagnltude less than the unity.

{.3 Rislc Cbaracterization gu@ary

The risk eharacterization process reveals that the
potential. public health risks from possible
trichloroethylene emissions from the OCWD/IRWD proposed
trichloroethylene punpout project are judged as
acceptable using health protective criteria developed by
regrulatory aEencies. The potential eancer rislcs for on-
site workLrs and nearby cotrrmunity residents will not
exceed the one-in-one-rnj'Ll,ion risk coqrrnonly considered
to be acceptable.

.The Hazard Xndex is used to assess potential non-
carcinogenic ris]< from exposure t,o trichloroethylene._ The
Haaard Index for intralation of released trichloroethylene
vapors does not exceed unity using the aEsumptions under
thb worst case and plausible exposure scenarios for both
on-site ana of,f-site human receptors.

The purpose of this risk assessment is to provide an
estinate of the potential pubJ.ic health inpact of the
released trichloioethylene with the proposed proJect.
One of the principle purposes of risk assessment is to
identify which exposure pathways have the greatest
potentiil to adversely impact hunan heaLth. Extreme
Lonsenratisn is incorporated into both the plausible and
worst case scenarioJ in an effort to identify which
e*posure pathways have the greatest potential to produce
an- adversl inpact rather than to determine what actual
risks are likely to be. Public health is best proteeted
by utlltzlng such a consell/ative Process even though it
overestinates potential risks.

4-5
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following factors, althoggh not all inclusivet
neveltheiess representatlve of the factors that
o".i"=tfrate anlTor underestinate heaLt-tr rislts.

S.2 . Uncertalatleg ftlch Could OverestLuate Rlsk

€t. Dgse-ResPonqe, RelatlonshiP

Cancer potencY factors developed ?y the EPA
wiie usla in- this study. These levers are
ii"""ropla based on a 95- percent upper--bound
iinti.- lfherefore, the actual risk will most
ft["iy not be higher and is likely to be
conelderablY lower.

I
I
I
I

,*1np"f,lpx
Introductl,on of UacertaLnti.es

potential prrbllc health rl,sks associated with this
proposed purnpout project.hlt" been estimated in this
lisi< assessrnent. Tha rislc assessment process has
some inherent uncertaLnties and require the risl<
assessor to rnake assqmptions and use professional
judgenent in this Process.

UncertaintLes inherent in the risk aEsessnent
process inelude:

o possible errors f,rom sampling an+ cheaical- 
inalisis of trichloroethylene Ln various media,

o comprehensiveness of, a sanpling programt

o proJectJ.ons of chenical concentrations at
exposure Points,

o estiuates of human intake levels, and

o extrapolation of dose response data from
aninals to hr:mans.

In risk asgessments lt.is inportant that all sources
!| 6;;*.inty associated wiUr finaL risk estiuates
ir"=do",-ente& and understood (Slovic, I9e7; WilEon
and Crouch, L987t USEPA, 1986c).
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Xn the absence of, human data, the EPA asstrmes
a linear dose response model for extrapolating
health effects obsenred at higher doses or
e:q)osures in aninals to low dose hunan
elq)osure. The cancer potency f,actors used to
predict cancer incidence f,rorn low exposure are
based upon the uost potent dose-response aniaal
study data. llunans are assumed to be as
sensitLve as the uost sensitive animal species
tested.

EPA uses a non-tlrreshold, linearlzed rnultistage
nodel for extrapoJ.ating responses obsertred at
high doses to low doses. Carcinogens are
assumed to cause sone risk at any e:q)osure
Ievel. Other dose-response models nay assume
that there is a threshold for carcinogenLc
effects and therefore there nay be an exposure
level that is without adverse effect.

The lunE absorption rate is estinated using
health protective assumptions. For exanple,
100* absorption eff,Lciency is assumed for the
inhalation route even though hr"tnan experiuental
evidence or aninal toxicological data may not
reveal coroplete absorption.

o trhis risk assessment, assumes that
trichloroethylene is 10o* bioavailable to the
receptor or target organ.

Environmental and Exposure Aspects

Dqrosure to trichLoroethylene is assumed to
reuain constant ovetr a l ifetine, i.€.1 the on-
sl,te sorker is assumed to be exposed to proJect
related a'nbient pollutant concentrations 8
hours a day for 40 years, while off-site
receptors are assuned to be ex;losed 24 hours
dal ly for  a l i fet ine (70 years).  In reaLi ty,
llfestyle changes due to age and actual
residence tine will reduce exposure duration.
Thus, tlre actual ef,fective dose nay be nuch
Iower than the d,ose used in this ana.lysis and
therefore the health risk would be less.

Uslng assumptions in the rrrorst case exposure
scenario trichloroethylene contarninated water
is assurned to be undiluted and unifonnly
distributed in the proposed irrigation systen.
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In actualLty, trLchloroethylene will not be
evenly distributed in the entire proposed
systeu. The actual trichloroethylene
concentration at-any given node of the systeu
Ls a functlon of, lts relative dlstance fron the
raain pumpout station and the operation
scenarios identif ied in section A.a. The
assunption that the irrigated water wiLl be
uniformly contaninated with the maxirnum
concentration possible-throughout the proposed
irrlgatlon system produces a signlflcant
overestination of the exposure risk.

o f,tre e:eosure to and concentration of,
trichloroethylene at the exposure points l,s
hald constant over a 7O-year lifetiue. In
reality, trichloroethylene f,ate and transport
rneehanisus will alter the concentratlon of
tr.ichlorbethylene in the environment.

5 . 3 UacsrtaLutLas ltlleb Could Undsrestiuate RLslG

o There is a possibility that peop3.e who have
been previously exposed to airborne pollutants
at injurious concentrationsr or who are
chronically iIl may have an increased risk of
adverse health effects fron exposure to
pollutants

o BiochenicaL lndividualism indieates that there
nay be hlgh susceptibility for some population
groups because of metabolic differences and/or
their inherent, dlff,erences ln their responEe
to the effects of carcinogens.

IntsrrLsl Conparl,soag

In tirts rl,sk assessment, the hunan receptorr s
quantitative potential carcinogenic rislcs associated
with ersposures to trichloroethylene potentially
released from the proposed pumpout station is
estinated. An interrLsk cornparison is provLded
herein to put the predicted health risks into
perspectlve. An interrlsk conparison compares the
increnental cancer risks .fron exposure to an
environnental contauinant to other coruoonplace
activitles which also have increnental cancer ris]<s
or increases in the chance of death or a reduced
l l fe expectancy (Hutt,  1984; Slovic, 1987).
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Cancer is the seconC leading cause of death in the
U.S. The national risk of death due to cancer (alL
causes) over a 70 year lifesppn is vetT high, and
!s estimated at 2.7 x 10-', or a chqnce of
approxinately one in f,our. The 2.7 x 1o'' cancer
rl,st< is the baseline situation or background
incidence of cancetr.

As a point of, reference, the cancer risk associated
with llf,etiue exposure f,ron air pollutants coprnonly
found in the Los A4geles basin exceeds the one in
one nLllion (1 x 10'o) rislc level generalJ.y aecepted
as insigrnlficant by nost agencies. For example' the
f.ifetine risk associated with trichloroethylene
inlralation e:qlosure at background concentrgtions
found in the Los Angeles basin (1.55 ugln-) and
rnrine Parl< (1.07 ugltr') all exceed one-Ln-a-nillion
cancer riEk f,rom a lifetime of exposure. A one-in-
one nillion glsk occurs with a lifetine of, exposure
a! (0.8 ug/tn'). In senpasison, the proJect-related
increnental annual trighloroethylene average
concentratLon (4.08-8 ug/n') is an equivalent of a
5.oE-14 increnental cancer risk.

An increnental cancer risk of 1 x 10'6 (ie' one
increnental lifetlne cancer risk per one tuillion
population) is seLected as the rracceptablerr level
ln thls study. Interrisk 

'cornparigpns provide
perspective to 

-the 
neaning of a I x 10'o cancer risk

Fy ielating this incremental level of, risl< to
corunonly o<perienced or practiced daily activities.
A discuision of what has been deened an rracceptablerl
l,evel of risk in uanagi.ng hazardous waste
contamlnated siteE by various regulatory agencies
is also provided (Crouch and Wilson, 1984i l{ i lson,
\ e 7 9 1 .

In the fleld of hazardous waste nanagernent or
envirbnnental rl,sl< associated with nelt projects,
there is no one universally agreed to level of,
acceptable j,ncreuental cancer risk. The EPA has not
pronirlgated any standard value that constitutes an
icceptible, allowable or appropriate^ incremental

As a general trule-r, an
:anoes bitween 1 x 10'{ and

t
I
I
I
I
I

I
I
I
teancer risk level.

Lncreuental cancer risk ranges between I x lPlnefeuenEal Cancef I'ISK ranges E eEween I r rY {rIILr

1 lc 10'7 have been deened lracceptablerr by several
regulatory agencies (EPA, X985d). t

I
I
t
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U.S. Courts recognize the legal doctrine referred
to as de mininus non curat lexr oE sinply Eg
nininus. This Baxin holds that the law does not
cons.ern itself wlth trifllng natters and that cour:ts
should be reluctant to apply the literal terms of
a statute to Bandate pointless results (FDA, 1985).
Courts have upheld this principle in their
interpretations of the Food Additives Amen.rmentr
the Clean Air Act, the polychlorinated biphenyl
prgvisions in the Toxic Substances ControL Act, and
tbe Occupational Safety and Health Act (FDA, 1985t
Hutt ,  1984i  OSIIA, 1985).  Several  judlc ia l  decis ions
have defined an rraccepta!]€rt, de minimus or
trinsigmificantn risk as 1 x 10'o (ie. one incremental
l ifetine cancer risk per one nil l ion populalion).
Call.forniars Proposition 65 uses a 1 x 10'' r isk
value as an trallowablerf risk vaLue. Theref,otre,
potential cancer risk from this project is
insignificant or gg g$Li8gst.

The Departnent of Health Sen'ices (DHS), State of,
California (DHS) has performed nany risl< analysis
concerning the reLease of hazardous air toxics to
ttre environrnent. DHS has stated that if a project
related increnental pollution concentration or
inerenental rislc Ls L00 tines lower than the
corresponding val.ue for regional' levels, a
facilityts euission and its associated risks are
deeued de ninirnus (DHS, 1988). Therefore, the risk
associated with ttris proJect should be considered
as dsg;Ulisss.

A one-in-a-ui1lion lifetine rist< (1 x 1.0'6) is an
incrernent, or addition to the 2.7 x 1o'' baseline
risk of getting cancer (an increase from 0.27 to
O.27ooo1). Fron an epJ.deuiologieal perspectJ've, tbe

. baseline cancer risk is so high that increnental
risks-less than perhaps I x 1o'* (or one case in a
population of, ten thousand) are not lil<ely to be
nelsurable. The risk associated with this proposed
proJect cannot be ueasured using epiderniological
teehniques.

The pur?ose of ..the risk assessment is to- provide
risk-dala that will be useful' in uaking decisions
about the hazards associate with the project. It
is inportant to gain some perspective about the
neaning of the uagnitude of the risk. Comparisons
can be-useful in this context. Tab1e 5.1 shows a
variety of risks expressed in a sinilar Eanner' as
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TABI.E 5.1

EXAI,TPIES OF OIE IN A ITILLTON F.ISICS IN E.NIING Al{D DRINKING

o 40 DIET soDAs (SACCHARIN)

o 5 Pot NDS OF PEANUT BUTTER (AFI.AToXIN)

o 180 PfNfS OF lIfIrK (AFLATOXIN)

o 2OO GALI.0NS OF DRINKING WATER FRO!'I
NEIV ORLBN{S OR }.TIAI.II

o 90 POUNDS OF BROfLED sTEiM
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an average annuaL incremental risk and an
incremental lifetfute risk assuming 70 years (Crouch
and Wilson 1984; I{i lson, L979r and Wilson and
Crouch, 1987). Wilson (L979) cites other counon
actl.vities estinated to increase the chances of
death in any giyen year by 0.00000L (one-in-a-
ui l l ion or L x 10'") .  fhese are given in Table 5.2.

By couparing measures of risk due to activities of
everyday life with siuilar measures of risk frou
chemicals, it is evident that the lifetine risk of
cancer or death associated with nany activities in
the U.S. is re)-atively high when conpared to
nacceptabJ.en risks for the general population, or
a oDe-in-a-ni,11ion incremental risk. Furthemore,
the risk associated with this project are estinated
to be 100 times less than a one-in-one-ni11ion
cancer risk.

Risk Agsociated llitb No ActLoa Remedial Alteraative

one of the viable renedial alternatives in dealJ.ng
with curent trichloroethylene groundwater
contamination in the E1 Toro and Inrine areas is
the |tno actionrr plan. Under such an alternative
option, tlre plune of trichloroethylene eontaining
water wil.i continualJ.y nlgrate westwardly at a rate
of one to four feet daily toward one of the'major
drinking water suppl.y sources in Orange County
(OG{D,  1989a} .  .
Follosring the erqrosure assessment rnethods presented
in Chapter 3, it can be estinated that the predicted
lrorsr case project-related incremental cancer risk
frorr inhalatlon of volatilized trlchloroethylene
(1.486 x 10'13) is less than the rist< of a pirson
consuming two liters oJ water daily for a lifetine'cor:tai.nlng e.458 x LO'' vg/L of trichloroethylene.

&r;other rray to provide basis of conparison is to
c:oDpdr€ the predicted woast case off-site receptorts
cancer rlsk (1.486 x 1o''o) with the potential risks
assocLated nith rno actionrr plan. If an adult
consunes tso liters of a day containing 8 ppb

-trichloroethylene (the value used in the plausiblg
e:q)osure scenarLo) , he wil l have a 2.667 x 10'"
lifetine cancer risk, a level exceed the

5 . 5
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EXAI.TPI.ES

TABLE 5.2

OF ONE IN A T-fiLLION RTSKS

Eine to Accunulate cne in a nillion risk
in tbe ocqlpational indicated:

of death

o

o

o

o

o

o

Manufacturing

Senrice and Government',

Transportation and
Public Utilities

Agriculture

Constrrrction

Mining and Quarrying

4.5  Days

3 . 5  D a y s

1 . 0  D a y

1.5  Hours

14 Hours

9 Hours

5-8
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TABL,E 5.2 (Continued)

E)(AMPI,ES OF ONE IN A MILLTON RISKS

I

t
I
I
I
I
I
t
I

Tine to Accunulate One in One Mil.lion nisk of Death
frou the Cause Indicated

o

o

0

o

DROI{NING

FIRES

FXREARI{S

EI.EETROCUTTON

TORNADOES

FIPODS

IJGlflTNING

A$I!dAI. BTTE OR STING

10 DAYS

13 DAYS

36 DAYS

2 DAYS

20 MONTHS

20 MOMTHS

2 YE.ARS

4 ysARS

o

o

t
t
I
t
I
I
I

t
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insignificant risk value. rf ttre worst case
!5tc!1.o_roethylene concentration (40 ppb) is 

"J.a,the lifetine cancer risk-.for trrd sahl 
'inaiviauai

wi l l  increase to l .3 x Lo' t .

9gch analys-is indLcates that under rno actj.on, plan,
the eontinu-al westerl.y rnigration of 

- 
tn6

trichloroethylene- - plrrne poses a potenti-i
sigmiflcant heatttr threat to t-he populatiori tdi;;;
tti: aquif,er as a source of, A:"ihfing water. rn
addition, residents who vould rely on Eontaninatea
water for drinking and household puraoses would also
be a rlsk f,ron inharation of 

- 
trichLoroetrryrtne

contaminated water from other donestic' use
activitles. Tricbloroethylene can volatiLize $a;
the atmosphere from activl_ties such as bathing,
qlow:i{rg, dishwashing, - laundering, cooking, toif6i
flushing and other activLties. This risk assessnent
does not quantify the inhalation rigks from these
trichloroethylene e)q)osures. Therefore, if the
drinklng water aquifers were to be contamihated vith
trichloroethylene in the county of orange, cornmunity
residentfs health rLsks eould not be elininated b!
solely ullng an alternate drinking water sourci
since they would likely continue to use
trichloroethylene contaminated water for other daily
activities.

I
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I
I
I
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On t{ay 15, 1989, surface soil and aubient air sanpJ.eq. ,vtere
collected at and adJacent to the proposed Orange County t Water
District l:rrine nanch Water District (OO{D/IRWD) proposed
trichloroethylene water pr:mpout station which wil.l be located at
the cross-section of Jeffrey Road and Inrine Cent,er Drive in the
City of l:nri.ne, california. The objectives of this surivey were.1)
to determine if there is residual trichloroethylene concentration
in the top layer of soils which have been irrigat,ed with
trichloroethyle-containing water for at least 5 years and probably
Ionger and 2) to docr:ment the airborne concentrations of
tri6trtoroethyle at and in the irurnediate vicinity of the site while
t6e drip irrlgation was in service in order.to provide reference
neasurements {s to the pre-construction existing trichloroethylene
concentration in the area.

PROJEC! ATO SITE BECXGRONTD IilFORI-IAIIOI{

In 1985, durj,ng the course of a routine basinwide groundwater
monitoring of ali active wells, the OC!{D detected trichloroethylene
for the first time in three Inrine area irrigation welLs. Further
investigations reveaLed that trichlor.oethy_lene groundwater
contarniiatlon had extended as far as approximately three nileE west
of the EL Toro Marine Corps Air Stati.on (I{CAS) at depths ranging
from 2OO to 450 feet 

- 
below ground level. It underlines

ippioxinately 2,90O acres and inpagts as nuch as 15Or0o0 acre-feet
J?-grounawatEr.'Further, the triitrloroetlry ene laden water body is
rniglating westward at an estiuated rate of 1 to 4 f,eet per day'

In order to protect the Orange County urater suppl.y sources that
are located, &owngradient, OCWD has proposed a trichloroetTYlene
containnent progr-an to slon and curtiil the westerly _niEration, of
the trichlor-oetlylene pIr:ne. The progran wilL instalL a punping
station that iritnariws ?OO gallons of t,richloroethylene
contarninated water per minute foi irrigation use. Thq proposed
pr::lpinq station is oir the west side of the trichloroethylene_p1ume
ina: lo6ated bt ttre cross-section of ,fef,frey Road and Inine center
Oii"E. tn" purnped cjut trichloroethylene. water will be connected to
th; exisiing inWO reclained water delivery system,- bLended with
tiietrtoroetliylene-free water f,ron other sorlrces, and then used in
drip and spr-inkler irriEation in the city of lrvine.

Concurrent with purnping station design, OCWD is in the P*g?:"-:f
pr"pir$g a heal€fr risk assesstrent to determine the probability and

iid,iiuae 
"r 

poG"liii nJ"itrt risks that may associate with the

;il;;;;e tiicnLoroethyten.,riter containrnent p.rogt_ar!- Preliroinary
iln&ine= indicate tnit inhaLat,ion is the signif,ica.nt :r!::Y:i
piifr"ai by which enitted tiictrtoroethylene may ieach to potential
l*p"ctia' hunan receptois. Votat,itizatiin of dissolved

R52A/A2
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trichloroethylene is the uajor najor uechanism of potential
trochloroethylene reLease. this study was therefore designed and
executed to detemine the existing trichLoroethylene concentrations
in the soils and anbient air in the propoEed project area. i

At the present tine, the proposed project area is an orange
orchard. It has received water frorn Thq frrine Coupanyrs (TIa)
i r r iga t ion  we l ls  #35 and #q l  s ince  1985. 'T Ic -35  and T Ic -42  draw
wateri from the sane aquifetr as the proposed plan but at different
depths. Soil and air sauples were colLected in this study at and
in the iumediate vLcinity of the proposed punping station as well
as TXC 35 and IIC 47 welLs to document pre-constructi.on
trichloroethyJ.ene concentrations in the soils and arnbient air.

Due to the short d,urat,ion of the sanpling, the measurements
reported here are indicative of air quality in the study area and
sernre to provide a reference point to determine the project-related
incrementaL rislcs of potent,ial tr ichloroethyJ.ene emissions. The
findings of this study are not meant to be definitive as
trochloroethylene emissions from the site but rather correlative.
This study al.so senres as the start of a Long-term air quality and
soil testing whieh wouLd offer nore definit ive assessment to
trichloroethylene emissions from the proposed project.

SUUUARY OF SET-IPLII{G EltD ANIIIYIICAI. I{ESEODS

4. lir Sampliag

Anbient, air sarnples rrtere collected using SKC personal sarnpling
pumps calibrated to flowrates of 0.20 l iters of air per rninute.
Air was collected to a 2 liter Tedlar bag attached to the punp by
l inch of, tygon tubing at 0.20 l it,er per minute f,or L0 minutes.
Sanples were then sealed and placed in light resistant polyurethane
bags. Bags uere containerized and transported to the laboratory
with chain of, custody f,or trichloroethylene analysis with a
detect ion l in i t  of  0.03 part  per bi l l ion (ppb).

A total of, 9 sauples were collected on-site concurrent with 1 off-
site sanple senring as site iontrol. Figure 1 identif ies the
locations of nonitoring stations. Specifical.ly, three sanples wetre
collected at distances of 20, 200 and 500 meters north of each of
the follot*ing three reference points:

Ref,erence Pt. 1 Intersection of Jeffrey Road
and Inrine .Center Drive (JICD)

Pt .  2  -  T ic  35  Wel l  Head (35)

Pt.  3 -  Tic 47 Wel l  Head (47)

Rs23/02
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The fol,Lowing nine sanples were collected from the sitet 
I

Reference Ft. 1 - 1.!Y05L5-iIICD/20 A
lrYo5ls-JICD/200 A
!{v0515-JrCD/500 A

'Reference Pt.  2 ! fY0515-35/20
!{Y0515-35/2OO
!ry0515-35/5OO

Reference Pt.  3 I t fY05L5-47/2O
lrYo515- 47 /2OO
!ryo51s- 47 /5OO

Sample identification was designated by the reference point and. its
corresponding distance from the reference point. For exanple,
sample My0515-JICD/20n A indieating the air (A) sample vras
collected on May 15 at 20 rn north of the cross-section of Jeffrey
Road and lrnrine Center Drive (JICD). Sample MY0515-BKGD was taken
at a Location approxiruately 1 nil.e east fron TIC 47 to setsre as
site control. It-was bagged and sent uith the rest of the sampJ.es.
AII air samples were collected 4 ft. above ground.

Air samples srere analyzed for trichloroethylene by Environmental
AnalyEical Senrices (EAS), Inc. of San Luis Obispo, CA according
to EPA nethod TO14 with gas chronatographr/.electron capture detector
method

b. SoiI sanpling

SoiL samples were coLlected .on the same date at the same 9
preselected locat,ions as the air sarnples. The onl.y difference being
the soil samples vrere taken at the f,irst orange tree to the east
of, the intersection of the ref,erence point. The soils vere
collected below the surface between 4 to 6 inches at the first
outLet of the drip irrigation of the corresponding orange tree.
At the tLne of sanpling, soil saroples were saturated with water due
to irrigation. Soil samples were then labeled and placed in 8 az.
Mason jars and sealed with t,efLon lids. Samples were then
delivered t,o Chenical Researsh Laboratories (CRL) at Garden Grove,
CA where trichloroethylene analysis was perf,or:ned according to EPA
nethod 80L0 at a detettion level of I part per bil l ion (ppb) -

Nine soil (S) sanples collected are as follow: I

Reference Pt. 1 MY0515 - JICD/ZO n S
! { Y 0 5 1 5  - J I C D / 2 0 0 n S
! f Y 0 5 1 5 - J I C D / 5 0 0 n S

R52?/02
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Reference Pt. 2 !tY0515

Myo515
MYo515

Reference Pt. 3 l,{Y0515
MY0515
I-f90515

35/20
35/2Oo
35/5OO

4 7  / 2 o
47 /2OO
47 /5OO

{

n S
m S
n S

n S
m S
u S

I
RESI'LTS A}TD DISCUSISIOITS

A copy of the laboratory reports on air and soil anal-ysis is I
attached at the end of this report for reference,

trichl-oroethylene was neasured in aLl 9 on-site air samples and one
off-sit,e sanple. Airborne trichloroethylene concentrations detected
on the site ranged from 0.32 to 1.20 ppb and one sarnple of, the site
fy05:.5-BKGD was Beasured at 0.25 ppb (EAS report).

ALL nine detected trichloroethylene concentrations at the sit,e ritere
higher than the 1985-198? annual average trichloroethylene
concentration report,ed by the South Coast.Air Quality Management
District and California Air Resources Board' measured at the frrine
Regional Farl< (0.2 ppb) (Table 1). The airborne trichloroethylene
concentration (0.25 ppb) detected at tbe location which senred as
site control (sanple !fY051589*BKGD) was aLso higher than the 1986-
1987 annuaL average neasured at the Inrine Regional Fark.

Because both on-sj.te and off-site Locations all detected higher
trichloroethylene concentrations than the 1986-1987 annual averaEe
trichloroethyleneconcentration neasured in the same region, the
obsersred higher trichloroethylene concentrations nay selr/e as an
indieator of a trend indicating airborne trichloroethylene in the
study area. Furthernore, due to the characteristics of short-tem
nbture of collected sanples, the possibil i ty of sone sti l l-to-be-
deter.mined off-site trichloroethylene releases during the tine of
air nonitoriqg couLd 

.not 
be mled out.

The possible sourees of airborne trichloroethylene cannot be
deternined at present tine with certainty. The detected
trichloroethyl.ene concentration at the pite nay resuLt fron off-
site industi ial or household releases', on-site irrigation of
trichloroethylene containing water, and the Levels are near the
regignal background concentration as reported by the SCAQMD and
cei,gt' TAlrey could also be af,fected by laboratory analysis valid.ity
or potential errotr.

I
t
I
I

I
I
I
t
t
I1985 Annual Average Anbient

Toxic Organic Gases in the
Air Concentrations of various
South Ccast, Air Basin.
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detected, t,richloroethyrene is beLieved not to be solely fron
irrigated wat,er based on the following calculations: ,.

Water samples collected at TIC-35 and TfC-47 well heads at the tine
of air nonitoring contained ? ppp !,richloroethylene. Total. p,*pi"g
rate of trichloroethyJ.ene containing water at-these two weils'was
Lr300 galJ.ons per minute during the air nonitoring period (ocllD
unpublished data). Under the worst case seenario 

-wiictr 
a=iurt=

couplete use. of_ pu:nped _water withln the test area (5oo n by looo
m) , . 1003 .trichloroethy,lene -evaporation f,rom appliba rrrate;, 

-;;e

TaPil nixing of the released trichloroethylene up to Lo n frbighi
in the anhient air, the aruount of trichloroettrytene released fiorn
irrigation water during the l0-uinute air sanpling period, rdas 4.095
x 10 " 9. Thi.s auount of, trichJ.oroethylene release rrould result in
a L.53 x 10-' ppb neasured trichloroethyLene concentration to the
existing a+r quality. The calculated trithloroethylene increnental
concentration ltas more than five orders of magniiude greater than
the anount that could be coritributed by TIC-3S and fic-+Z welLs.
lhe contribution of trichJ.oroethyLene released fron drip irrigation
operation was therefore detemined de minimus as confared €o the
existing trichloroethylene concentrations in the reEibn.

rt is evid,ent that at the tine of sanpling there was a
trichloroethylene concentration variation throughout the sarnpling
area which ndasured approxinateLy 50o n by 1O0O n in size A. bfos6
examj.nation of the neasured trichlor:oethylene concentrations oD-
site reveals that there is no appardnt correlation betweeir
trichLoroethylene concentrations and-ihe locations of nonitoring
stations and the Location drip irrigation head. Thj.s conclusion
is based on the examination of, reLative distance between locati.on
of the monitoring statLons and well heads. The nine nonitoring
stations wells basical.ly located on three parallel tr l inesr all
nrnning northeast to southwest rrith the TXC-35 trlinen being at, the
center (Figure 1). The detected airborae trichloroethylene
concentrations at rrc-35 rl inetr were between L.1 to L,, ppb
coupar ing  to  0 ,77  to  0 .94  ppb a t  J rcD t r r ine t r  and 0 .32  to  o .g3  ppu
at rrc-47 n.Linetr .  JrcD tr l inen and Trc-4? t l ine,  is  located
approxiuately 250 n northwest and 750 n southeast of TIC-35 trl inett,
respectively. Sanples taken fron TIe-35 trl inetr consistently had
higher trichloroethylene concentrations than the ones collected
fron JfCD nlinen in spit,e of longer delivery distance (up to SOO
n frou the well head as conpared to approxinately 250 n).

None of the.9 soil sanples collected contained trichloroethylene
at nore than X uglkg (CRt report). This findinE is significant with
respect to future risk assessnent since the soils were sarnpled fron
an atea that has been receiving trichloroethylene contaminated
water for irrigation f,or nore than f,ive years. Such results
suggested that af,ter the applieation of contaroinated water,
trichloroethylene is very lilcely grrickly evaporated into ambient

Rs25/ 02
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air and there is no detectable amount of trichloroethyl"rr" t*r"ir"
in the surface soiL as a residual 
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Enscco - CRL / South Cosst---?m-Li!srfi 
wry r Ge"d* Grow, CA 926{l

Ol{) S!}t"63?0 r (2t3) 59t{4tt . (tm) lA.&t{RL
FN* Ol4) 891-J917

ltay 18, 1989

HED.TOX ASSOC INC
1431 tJarner Avcnua
Sulce A
TustLu, CA 92680
Attn: !tr. llchael Yang

Analysls No: G-8913512.001/009
Dacc Saopled: 15-!|AY.1989
Dace Sauple Rec'd: 16-l lAY-1989
ProJact: !fY051589

Enclosed uitb Chts leCter ls tba report on tha chsnlcal and
sauplcs fru AI{ALYSIS N0: C-8913512-AAL/AOg rhostr abqvs.

Ttre sa41ar rars recatvcd by CRL ln a cbllled state, tnCecC
record cttecbcd.

Please nota C[at !fD( ) trsttls nog dsC€cted at ths deCectlon
parcntlrescs.

Solld sauplcs art raPortsd on 'as raceLved' bscls.

prellnlnary date varc provl&d ou l{ay 17, 1989 at 2:00 P.tt. co !{r. l{I'chael Yang.

physLcal analyses on c,hs

end wlth the chatn-of.cr.ts

llalt expressed wlttrln the
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Enscco - CRL / South Coast
?.140 Li!€oh Wry r 6'36cr, Grove, CA y2641

ot4) t9t{3?0 . (2r3) 5984.5t . (t00) [48-l{RL
FA"X: Ola) t9l-J9l? Laboratory Reporc

MED.TOX ASSOC INC
1431 $ARNER AVEI{UE
SUTTE A
rusTrN, ca 92680
ATTN: !IR.' EICITAEL YAI{C

Pro{ecc: U:f051589
sarnpri rD: !f f0515s9-#35-zoH

Analysls l lo. :  G-8913512.001
Dets Sarpled: 15.l,fAY.1989
Dacc Sauple Rec'd: 15.!tAY.1989
Datr Analycdz 16-MAY-1989
Sanple T1rye: SOLID :

Unl.cs: ugrtg
Ealogenaced Volacllc Organlcs (EPA 8010)

Dccectlou
Bccult Blank r.{niCPrraoecar

Cbloronef.banra
Eroarcctranr
Vluyl Gtlortda
Grlorocttrare
l{st}rylcnc Gtr'loride
lr lchlo ro f,luo rone thane
1,1-Dlchloroectrcns
I,l-Dlchloroethans
trenr-l, 2 -Diebloroathenr
Gblorofon
1 ' 2.Dlchloro.chan
1, 1, l-Trlcblorocthrns
Gerb<n Tdgrachlorldc
Brooodlchloronccbane
1,2.Dtchloropropsr.
trlnf - 1, 3 - DtcbloroproptnG
trlchlorocttrcar
Dlbrmchlorouctbanc
1, 1, 2-lrlchlorocehena
clr - 1, 3 -Dtchloropropone
2-Chloroathylvlnyl ether
Erorofo-ru
tctrrAlorocdrenc
1, 1, 2, 2 -tcrrlchloroctlranrc
ChLotobuzcnr
1,2.Dlchlorobcnzana
1 , 3.Dlchlorobcnzcne
1 ,4- Dlchlorobenzcne

h f.prt Cntr lff b |r itgnl t .1 t tS np*t

I t- ng(r,t 9a1r|'r crt rl m? $rnpE |rlyrslrg:lnl rnd docs mt 6srfty rgCt Ut dtat r99$arry rCent€al of snrlu mitmalt. ThB ngt lt $OnnG, E &.$lu3rvt
I,rrcotrrccrrtoffi6tftrtlst{t trtrtofoductrorottnEr@onqugdltitl&aii0fy'3nittorxrvcrtlStn!0fprJDlEltyguf00l3ttnmqrtrdtElat!60(0liDlt0.
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IrD
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ilD
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t{D
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ND
ND
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rD
lrD
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FA)* Fla) $l'5917 Laboratory ReporC

r{ED-Tox Assoc INc
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STIITE A
llrSXrN, CA 92680
ATIN: }TR. ITICI|AEL YAT{C

Prolecc: H:f051589
saupli rD: H1f051589-#35-2ool{

Analvsis No. : G-8913512-002
Dace' Sanpled: 15-HAY-1989
Detc Sanple Ree'd: 15.l{AY.1989
Date Anellzed: t6-l{AY.t989
Sanple ty?e: SOIJD
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